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PREFACE

The Tracy Fish Collecting Facility was completed in the fall
of 1956 and operation began in the spring of 1957. The facility is &
unique installeftion for preventing fish entering the Delta-Mendota Canal.
It wae developed through an exploratory program conducted Jointly by the
Buresu of Reclamationland the Fish and Wildlife Bervice of the Department
of the Interior during the years 1952 to 1954. Throughout the developuent
progrem consultations were held and Findings reviewed with the Californie
Departments of Fish and Game and Water Resources. Representatives of these
agencles convened from time to time as an advisory council. Upon com-
pletion of the Pacility the Bureau of Reclemetion and-the Figh and Wild-
life Service undertock a joint testing, e%aluation, and appraisal program.
The findinge of that program eare recorded in this report.

The authors appreciate the assistance given to them by the many
persons who aided in the conduet of the work and who esslsted in editing
the early drafts. Particular acknowledgement is made Messrs. R. A. Fredin
and R. H, Lander of the Biometrics Unit of the Bureau of Commercisl
Fisheries at Seattle, Washington, for their help irn outlining test pro-
cedures, to Mr. K. W. May for prepering the original draft of the chapter
on mortalities after he left the Bureau of Commercial Figheries, and to
Mr. Stanley G. Jewett, Jr., Chief, Fish Facility Section, Bureau of
Commerciml Fisheries, Portland, Cregon, for his peinstaking editing of

the report whille it was beling formulated.
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CHAPTER I

SUMMARY AND CONCLUSIONS

A testing proéram to measure the efficiency of the Tracy Fish
Collecting Facility and its various components and to develop criferia
for ite operation wae initiated in 1957 and completed early in 1959.
Thie wes done es a joint undertaking of the Fish and Wildlife Bervice
end the Bureau of Reclamation under inter-bureau agreement.

This report describes the facility briefly and gives a
chronological account of the development of the testing program and of
the techniques considered and employed as well as giving the findings
egnd conclusions reached,

In the first series of tests an attempt was made to measure
directly the efficiency of the-primary louyer array. Four methods were
_considered. In.theor& the simplest of these would have beeﬁ‘to screen
- the entire flow of water downstream from the louvers to trap all fish:
which had escaped through the system. However, because of the 1argé
volume of water, 5,000 c.f.s., the great abundance of peat mosgé fibers
present throughout the water, and because of the very large area which
would have to be netted, this was obviously impracticable.

Another wethod involved the releese of marked fish upstream
from the louver array an@ recovering them in the holding tanks. foung
king salmon; marked by élipping their fine, were first used in these trials
but it was found that meny of them failed to move thfough the secondary
system. This delmy cast uncertainty on the findings. Various kinds of
dyes were uesed to color young striped bess in the hope thet in this

way they could be identified. Uhfortunateiy, the dyes had such a



strong affinity for the mucous c_:@ve;:j:ng<. the fish that none persisted
Tor nmore than lO minutes, |

‘ In a:aother techmq_ue large known numbers of small S'briped.
bass were 1ntroc3.uced. :J.nto the canal ahea.d of t.he louvers Qurz.ng the
_day-t:l_me When the number of fish in normal mlgratlon would not 'be s:Lgn:L-
f:l.cant, Recoveries mad.e in fyke nets 'below ‘she pr:.mary systen and_ mn .
the holding tanks Were compared; The results were inconclusive e:.'bher '
'. because of hold.-up in the secondary System or, ‘a& seems 111<:ely, loss
of the fish through the 1ouvers as & result of an impa.ired ;ohysical
‘ c:ondition brought about by hand.lingu B | ' .

The firel trisls in 1957 involved the Scréening of & por-
+tion of the cenal flow upstream and downstream Trom the Iotver srray
and of all of ﬁhe primary bypasses. This +echnique res:\u.”'l.-'t::éd.‘
in a collect:l.on of é'.a:ta which J.nd:.cates that the efflc:l_ency of the louver
a.z'ray in’ d.:eflec'h:.ng flsh approximates 97 pereent, Tt s 1ndic‘at10n
is 'baééd'." on several éésﬁmpti'oné notéd on page 27. Because -this indica= ‘
tio;_"L :Ls , :ana::'t, h&ﬁoﬁﬁetical' :Ltwas no% a.céep-téd“ as con'cl.lisi‘ﬁre.

| ' Informatlon as 'b’t.nté;iﬁed. ‘durihg 1957 also fon"éeirérs;i_ ad.d.:.-

ti onal factors 'Dhat may have an effect on the efficisncy of the louver
sysﬁém,' Sample £ishirg é_shoﬁedi that se velécit'y increases the propor-
ticn of sti'iped béss moving into the First three bypesses also ineresses.
It was eviden:t ‘that there Was no size seléctivity either by the bypasses
or by ‘the n'e'%"si; 'f'i'shiﬁg in the :pi':i‘.me‘ai'y cana;l., The greéstest nurber of
fish enter the cenal end the bypasses during ‘the night shortly after
nigh Low £ias." P13 ard Geslected sémvhat bevter at night thas in the

eyl

daytime .



In 1958 studies were limited to the secondary louver system
and the results applied tc the p?imary gystem. With velocities below
3 feet per second 76 to 86 percent of all fish under &n inch in length
were dlverted into the bypasses. Losses of thesge very small fish in-
creased with increased velccity. In nearly all tests with fish mea-
suring 1.5 to 4 inches in length efficiency lay between 95 and 99 percent.

In = serigs cf tests in which the bypass to approach velocity
ratio was studied, best results for striped bess and king selmon were
cbtained with a ratio of 1.4 to 1 rather than 1.0 or “1.2 to 1.

A double line of louvers generally increases deflection
efficlency.

Appurtenant facilities were studied in some detail and the
findings are described. The Bureau of Reclamasiticn found thst the trash-
reck end rake were not efficient and that debris passing through inter-
Tered with bypass operation. A trash deflecting boom installed in early
196C has greatly improved trash collection and, in turn, operation of the
bypesses and holding tenks. The fish holding tanks were gtudied for
adeguacy of design and found to be satisfactory. The criginal fish-11ft
bucket wae modified toc improve ite cperation. Sstisfactory equipment
for making sample counts of fish was developed after several experimental
designs had been tried. Studies were undertaken tc determine the adequacy
of the seration, refrigeration, and water circulaticn systems of the %ank
trucks. Tables were formulsted for use in determining the number of Tish
of varicus sizes that make up an coptimum tenk truck load for distribution

to release sites, and a method for making sample counts was developed.



Mortality in the entire ecllection s;vs’c-:em'was Anvestigated
_caref‘tﬂ.lyb In one test it wag less than 6 percént for l-inch long
striped bass Eeld in & live-tenk for 24 hours. In'siother test striped
bass of the same gize held for four days had wnder 4 percent mortality.
Obeervations. made when fiéh are unloaded. indicate that these meortalities
are not ge_:gle(_rally execeded in daybomday operation, - _ |

l From thé ﬂa-{_:.a gecurad and‘Q'bSeﬁ'ations"maé‘_e. it may be conw
eluded that the efficlency. of the Tracy Fish Colleeting Feelldty ranges
from 65% to nearly “100% depending tpon .‘the gpeties of-fish, their size,
the veloeity of flow, the ra.tio.,cf- the veloeity in the ;bypasSes to
thet Iin the channels and upcon accumulationé ‘ef debris in the bypasses.
Efficiency is neerer the upper limlt most of the time under normal operé~
ting wonditione. . Suggestions for maintaining maximum effielency are

. listed in the findings of this study.



CHAPTER II

HISTORY AND NATURE OF THE TRACY FISH PROBLEM

‘Introduction l

On éeptember 27, l§56, the Tracy Fish Bereen Advisory Councilé/
met and suggested g two yesr testing snd evaluastion progran to determine
the efficiency of the Tracy louver principle as applied in the Traecy Fish
Collecting Facility. ©Since the Facllity is & unigue lnstallation using a
previously untried principle, such an evaluation was considered essential.
Bubsequently, arrangements were made with the ¥ish and.Wildlife Service
to aésign personnel to parficipate in the program to be initieted February 1,
1957. An inter-Bureau sgreement was approved on March 28, 1957 to cover
tﬁé-study (Appendix A).

o On April 10, 1957 the Tracy Fish Screen Advisory Council met
—;éain at Tracy to formulate a study outline from a draft developed by
Service personnel. As the work progressed only minor changes were found
necessary in thls outline.

In addition, two forms (Appendix B), which were designed for
use in the study were reviewed and their use agreed upon. Form T0-80 was
designed to provide a record of the objective of a test and the equipment,
and method used; it aleo provided instructions tc operating personnel B0
tesfing could be coordinated with day-to-day cperation of the Tracy Pump-
ing Plant and the fish collecting facility. Form T0-81 provided a record
of test results and evaluations. This report has been complled largely

from the findings so recorded.

l/ Composed of representatives from the California Departments of Fish
and Game and Water Rescurces, the Fish and Wildlife Service and the

Bureau of Reclemation.



The Fish Se.reening Problem IS R R

The ‘Sacramsntoitan’ J‘o'e.quinf?bé'ﬂlfe; is-d see.;-l"eveii. maze. of
channels between low islands into which discharge 'the Sacramento s the
San Joaguin. and, o Jlesser rivers dra.lning Ce.llfornle. s Central Valley..”
Anedromoue flehes sPawe ;Ln the delte. 1tself‘ and. in theee rivers,
-Wlth the construc‘tlon of the ‘I'racy Pump:l.ng P_'Le:at of the ."Centre.l Va.lley!
_Pro,]ect 'by 't:he Bureau of Reclame.‘blon these flsh, per‘tlcule.rly king o
-—=,sa.'lmon, strlped 'be,ss a.nd. sha.d 'became su'bject to dJ.verSJ.on 1nto the
Delta-Mendote. Ganal a um_t ef the Gen'!:ral Valley Proaect, To gaa.n

_knowlecige of the tlmes of occurrenc-e ’ eize a.nd_ movement of these fish

eepecle'l‘ly Juvem‘le fish in the:Lr seaward. m:l.grat:.on, :_nvestlga.tions

were made by the Fish and Wild.life Bervice, Funds were supplied. by the
Bureau of Recle.ma'tion, Ihe Service found tha.t "Ev:Ldence ig conclu.s:.ve
.'bhe:t :|.n order ‘bo pro*bect and ma:.n‘ta:.n populat:LOne of king se.lmon, etri‘_oed
be.ss ’ _and shad, posltive means for preventlng thelr passage 'bhrough |
pumps must be ad._optedq"‘ "Travellng Water screens’ were recommended -
for th:.s purpose 'ey the Service. g./ N
7:_Adoption of the Louver Prlnclp.lel ‘ o
) In eons:.d_ering the Sermee 's reconnnendatlton the Buree.u of

Reclamation concluc"ied 'l:hat before r:.sk:Lng 'bhe h:l.gh cost of tre.veling
walter screens, an e:merlmenta.l syetem should 'be construc'bed to try |
. other screen:.ng me"chod.su_ Accord.ingly, 7 "Pilot F:Lsh Screen Stmcture'
was. d.esig,ned 1n coneultetion with the Cal:.fornia Depar‘tment of Fieh
and Game. 'Ihle included tre.vel:.ng screene, statlone.ry ecreene, and
a Californ:.a—des:.gned sloping stationary screen.
_/ Stud:l.es of the F:Lshery Rescurces in the. Sacramento-San Jogguin

. Dalta ;Ln Rela‘hﬂ.on ,""c the Tre.ey Pﬁ"mplng Plant, Unar"tﬂed Stetes Dew

par'tmen't of the Iﬁter‘:.dr, ek gnd Wildlife Bervice, Branch of
I ehery Biology, Central Valley Investigaticn. Jaruery- 31, 195C.

6.




A joint study tesm of Reclametion englneers and Service
biologists was esteblished to evaluate these gecreens and to consider
others which might he promising. This team began work in 1951 and
continued until September 1, 1955. It developed and established the
practicality of the louver prineciple of deflecting fish (Patent No,
2,806,897, March 18, 1958). The work of the team is desecribed in a

Joint report of the Buresu of Reclamation and the Flgh and Wildlife -

Service.é/

The present "Tracy Fish Collecting Facility", constructed in
accordance with criteria outlined in the jdint'report and adopted by
the Tracy Fish Screen Advisory Council, was placed in operation in
February 1957.

Deseription of the Tracy Fish Collecting Faellity

The Fish Collecting Facility {Figures 1l and 2) lies athwart
the entrance to the intake canal of the Tracy Pumping Plant. The canal
is 84 feet wide at that point and water depth varies from 21 to 26 feet
depending on the tide. Volume of water flowing through the canal varies
from a minimum of 775 c.f.s. {one pump operating) to0 a maximum of 5,100
c.f.s. (8ix pumps cperating plus incoming tide). The louver siructure,
placed oﬁ 15-degree angle to the direction of flow, extends a distance
of 320 feet scross the canal. Four vertical bypasses, each 6 inéhes
wide, are incorporated at To~foot intervals along the face of the 1ou§er

facility.

j/ Fish Protection at the Tracy Pumping Plant, Central Valley Project,
California. United States Department of the Interior, Bureau of
Reclamation, Region 2, Sacremento, California, and Fish and Wildlife
Service Region 1, Portland, Oregon. February 1957.



A5 the fish pove dowmstreem with the flow they are cerried

down gad tntothe bypasses iich lesd ipto 36-inch dismeter concrete
: iJiPeli_yeS;-.@?@13OfI.LWéiQh._:‘q,isghargg_s,thrgugh_a gated :,o;:jif:.ce-ﬁ._r_z_:sg B
com?q;} 8-foot W:Ld.e s _::_;goyipqt;‘lqngf;_Seaoné,g;jy chapnelpf ) ‘Thg..pipeli_ngs .
very from sporoximately 185 feet o spproximately 300 feet in length.
The gpproach velosity a% . the bypase entrances is, influenced by: (1).
the number and sizg of the main b@%_s_s,:,P?ﬂlP,s op.a‘:;je_afti{l_g,__r(z),_. thg posi-
tion of the slide gate controlling thet particulsr bypess, and-(3) ‘the .
tiderasTotel bypass flow into the secondery chanﬁel__. :Within the limita-
tions of these conditions, aversges f'about:‘135 2.Teg. . A

i-,_:T-_o‘,;--cor_‘l,centrate fish.in 7.a,._sma3,ler.‘volume of water, & second. .
louver‘ system consisting of & double line of louvers (Flgure 3)._pl_aq.ed-..
on a l15-degree angle_tg .tllze,, d::.rection of flow deflects them from.the. . '
seccpdary canal .into a bypasstermingting in holding tan.ksw .To sépaﬁé;c;a
the fiish 'from the peat -moss-laden water a flow.of cleaned Wattee;r.ﬁ.__i:é_s
ir:;ﬁizo@uce@ jusf above the bygass, .'; Final flow into one of the four RE
~holding tanksamountsto _apprpxima.teﬁlfy';loA_Ac_:_,f,fs_L, Wl'l,én‘_ the Tracy pumps .
are draving their maximum of 5,100 ¢.f.s. |

v Fis_h:.eqnc;&_entra.t.i.@g per unit -volume of water is assumed. to he,
proportional to the amount of water bypsssed. ‘Thus, the concentration .
of fish in:the-holding tanks is 640 times as great -aé 4in the forebay -
',in__fron.t.,;of___ the:.-p'rimargg louvers and 40.times as great.as in the secon-~
d.ai'y canal Jjust ahead ,of the first set of secondary louvers.

Vest quantities of peat moss suspended in the flow would.

;accu:rrrulate W:L't:hln the hold.lng ponds..and. 1mpa:,r resplra.tlon of figh if.

T w

1t Were not separated outp Seyaratlng 'l:he flsh from tThe peat moss_laden

water is accomplishec‘l. by use of & travellng ‘screed on the lef‘t side of

8.
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the channel and downstfeam,from.the gecondary lcouver structure. This
screen plcks up the fibrous debris from the water which is then pumped
back and introduced along the left side of the secondary louver structure
ebove the louvers. The debris-free water flows along the wall of the
secondary louver channel Into the bypass into which the fish are de-
flected. The ‘uncleaned water, of course, passes through the louvers
to be pumped back into the canal dowustream Tfrom the primary louver
system. To adjust and measure the Flow there ig a 2h-inch butterfly
valve and a2 2L-inch by 16-inch venturi meter in the screened water
line.

Four holding tanke, each 20 feet in diameter and_lﬁ.ﬁ-feet
deep are used to accumulate and hold the fish for loading. A systenm
of valves permite collection in any selected holding tank. Appurtenant
piping, velves, fish transporting bucket, moncrail hoist, and aeration
and other eguipment are used to assure satisfactory collection, holding
and efficient removel of the fish into a transporting truck. 'An elght-
Toot diameter, cylindrical, wire mesh screen centered in each holding
tenk retains the fish but permits water tc pess through to be drained
away from a sump at the Ttottom.

When the fish are being transferred from a holding tank to
& hauling truck, flow is routed to ancther helding tenk. The fish
along with 500 gallons of weter are retained in the holding tank by a
nine-inch metal hand around the bottom of the cylindrical screen. To
remofe the fish a 5C00-gallon capacity bucket is lowered within the
cylindrical screen down intco the holding tenk sdmp, then the screen is

raised a few inches, end the fish are flushed into the bucket. A hoist



mounted o a rail raises the bucket ﬁp and-it is'moved‘info'}oading
position over a special fish truck heving water cooling equipment.
As soon as the fish are loaded into the truck they aré hauled fo-o#e of
severﬁl doWﬁétream points toward San Francisco’Bay' far enough to eédape
the,influehcé'df'the'Tracy pumps. - |

| Tﬁé ﬁ%iefféﬁrfaceliﬁ both the main and Secondary louver -
structire and in the holding tanks fluctuates with the tide. To draw -
water fhioﬁgh'tﬁe'secdndary'lbuVéTé and the'colleéting fadiiitigs-tpere
are ﬁwo pumping plants, one for'the holding tanks and another for the
'secbﬁéary louver channel.

The'quamtityldf water passing through the fish collécting
facilities depends on the maber of‘TraCy pumps opersting and on the -
1dal fluctustion. Bech of the Tracy pumps Wwill pump from 775 to 850
c.f.s. depending upon the ﬁidal'sfage'and‘thé-Water-léVel.at-fhe pumping
plant'dischafge‘pbol. "Withxall,six"of‘the-Tracy pumés~in.opérdtion,
the discharge will vary from 4,650 to 5,100 c.f.5. The maximum velocity
approéching the fiSh-éblléctiﬂg”facilitiES'bf=approximatelyf3.9'feét
per second oéGUrszailiftlé after low tide: ALL of this water mist
pass fhe fish collecting facilities. The’quantitf of water passing
thfdugh the main louver stfucturerdue to the tidél fluectuation
alone varies ﬁpltb'about'BOO c.f.s: in either difection,ﬂdepending_“
upon the.éﬁage; direction,” and magnituﬁe"bf the ti&eraﬁd.the number "

of pumpé in operation.
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CHAPTER TIII

FACTORS AFFECTING LOUVER EFFICIENCY

In this chapter are discussed the principai'factors thet
influence louver efficiency. During the course of the many tests under-
taken, mpch was learned about the effect of tThese Tactors as applied to
the prototype facility.

The findings concerning louver efficiency are restrictive
to the species of fish and water conditions at Tracy, and the application
of Tracy findings to other areas and fish without verification is not
recommended.

Support foi this position comes from the knowledge that fish
reactions vary wi%h envircamental conditione such as water temperatures
and turbidity, as well as with species.  Therefore, in considering factors
which influence Iouver effitiency, = knowledge of €ish behevior in each
specific situation becomes'important.‘ -

Fish Reaction to Louver Array

From thousands of daytime observationsit was noted that the
ncrmel position assumed by young king salmon, striped bass, catfish,
ghad, and even frog larvae while passing downstream is tailfirst. In
swiftly flowing streams this positicn provides fish with the neceasary
control to avoid obstacles, Assumlng a boulder to be the obstacle, the
position of the fish under high velocitf Tlows would be as illustrated
in Figure 4, Exceptions to this cccur if: 1) the rate of flow is &0
reduced, as in e dam forebay, that fish must swim hesdfirst to attain
movement; 2) the fish are frightened to the extent that they swim wildly

in eny direction; 3) the fish are too weak to mamintain a positicn heading

11



Stpeam mgra.mts Just upstream (a ma:b'ber of gevgrell

o

3

ddveetly into flow; or L) the fish are a.ppa.rently seeking suite.‘ble

flow gondltlions. for doWnst;tea.m pa.saa.ge.,
Figh generally seem &ble to deteot ‘reaii-;ﬁly_.»the ‘pre_-sencé of

#n. ghatruction In r*bheir. &omatream,» path emam in ﬁw&ﬁﬁly Tlowing .Efrsams .

- SrreRn ﬁtruqﬁms placed acrqas B aﬂream at 90. degreas W:Lll shop- aown-‘

inches. 4o several feet)

,.pmvia.ea ol maxtmm swiming speed Cmgure 5) is gresper than the
',:‘approa&h v‘el@eitm Sensing tha.t Thelr d,mmatrea:m movement. has been

e\

: .?ﬁlockec?;, 'bhey than beg:_n to. search for passagg 'bhrcugh While sea.rching

_they must orve:meme the .ourrent o a,void. being impinged on .the. gereend. - |

If we assume +that the -epproach ve;l.oaity is.1l.5.feet per seﬂond B.nd. that

the . fish are ‘hold.ing a position-directly Anto the flow, .they must ma.intain

_a. swimming speed of 1.5 feet per second. . to. avold, being carried onto the

se.‘fr',e'ens* -Should :they vaer .to. the right. or, left a.t an angle. of 30 d.egreea ,

o while searching, they must increa.se their Ewixmning spee& to. l,T feet

A

per Sedaond; 1f they veer off a:t 1!-5 degrees, they must swim a.t -bhe in- 2--,‘;

creased rate Qf 2.1 feet . per second; and if they swing over 'f:o 60 degrees

wnlch Would not 'be uncommon 3. they must :anrea.se thelr swimming speed, o

3.,0 _feet per second -to a.vo;l.d..being Arpinged .on the sereens. Veloocity of
flow ig.thus a- ceritical faetor in .the ahility af fis;l tc; meneuver while
seeking Safety. ..

Where obstacleps are: a.ngled, ool flow, ‘g8 are the Tra.cy loavers ’

.fish are relieved. of searching fqr-;@omstrgam,—-pas_sa,gg.; ‘their normel in-

stinct to wlgrate in ;the direction of flow is satisfied as.they pass

dovnstresm by merely d.eflecting away, from the structure.. Further, such

structures :can be 50 ;..&.mgled ,’s:hat--.-.‘qhexmill deflect even very small fish

P



POSITIONS OF FISH AVOIDING AN OBSTACLE
IN TRAVELING DOWNSTREAM
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SWIMMING SPEED OF FISH
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Ten minute velocity endurance curve for striped bass and salmon for
.3 specific lengths a5 indicated below, Results based on success paftern
of 80 percent gs measured by the number of fish still swimming qt close of
ten minute period. Fish used in tests were colflected from Bay | louver
bypass. J [
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(e.g. third of an inch long striped bass) in relatively high velocities
(4 to 5 feet per second).

Fish can be deflected vertically as well as lsterally by plac-
ing a sloping obgtacle in their path. Whether or not fish can react as
readily to & sloping obstacle as a vertical one wes not determined in
these studies, but it is presumed that lateral movement is easier than
vertical movement and thet fish therefore respond more readily in a

lateral direction s velccity increases.

Horizontal Louvers

Horizontal louvers undérwent several monthé of study and test
during 1953 by the U, S. Fish and Wildlife Service biologlsts and Bureau
of Reclamation engineers. Although it was found that fish were deflected
efficiently, operating problems could not be overcome. To function, &
certain depth of flow must be maintained over a horizontal louver struc-
ture. This overflow must serve as the fish byﬁass. At Traecy the water
surface within the intake cansl fluctuates with the tide and with changes'
in the number of pumps operating. Thus the depth of the flow over any
fixed crest elevation varies up to seven feet. This wide variation com-
plicates the possibility of recovering fish., Cleaning such a facility is
another problem. Raising it up and out would mean lifting & heavy bulky
gtructure and,ibecause the louver slats are positioned horizpntelly and

arranged on a slope in place of vertically, trash removal would be more

difficult.g/
Syimming Speed in Relation to Velpeity of Flow

The position of & fish moving downstream along & vertical

louver system is determined by the size of the fish, the angle of

&/ Recently the Washington Department of Fisheries has tested several
experimental horizontal louver structures and they now have a proto-
type in operetion in Baker lake, Washington.
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tltlle,'linej‘of Louvers, and the velocity of the flow. At velocities

not requiring meximm swimming effort, & fish usuarlyimones downsﬁresn -
'.tailfirst and parallel to "the flow with momentary lateral movement |
away from the 1ouvers (Figure 6b) When velocitieS'exoeed gwlmming
speed it was observed in ‘the' early Traoy studies particulsrly in slows
: motion films, that fish orient themselves 6" the ‘1ine of louvers st
angles from it ranging up 6 90 degrees (Figure 6&) 'ﬂhE'msgnitudeA.‘"‘
'of the change in orientstion ig & function of the velocity of flow and
'the angle of the line of louversn A veotor diagrsm (Figure ) shows x5

the relationship of these faotors.

In using the vector diagrams to analyze sny given set of condi-

":tions, the spproaoh velocity msy'be resolvedninto tWo components'

TV which is parsllel to the line of louvers and'Va which is at rignt
'usngles to the individual louwer sle:t'.s° The speed at Which a fish must
lmswim to overcome ths force of component va and remain at a constant 7
aedistsnoe from the line of louVers While movlng‘slong oomponen$ V is

_represented by Vs, The sw1mming speed, EE; is related to the approaoh
_ velocity as Vs = Va Sin Q where O is the engle of the louver line,A;ﬁ':

Fstle l shows the sw1mming speeds Which a fish must maintain to pess’f'

along & line of louvers for seleoted combinamions of approach velocity

and louver system angle. For example, a l~inoh fish cspable of swimming

.l foot per second can theoreticslly msintain position in sn snproach
. veloeity of 7 feet per second at a louver line set at an angle of e
8 degrees,. T A
Angle and:. Spsoing of Louvers -

Louwer effioieney can be drastlcslly 1nfluenced by the anglé
Jof'fne_line of‘louyersl phe spapingiof_the inoividual lonverrslsts{ snd

g



Fig &

DIAGRAMS ILLUSTRATING REACTION OF FISH TO LOUVERS

Direction of fish movement in flow

— 2 G- — > Direction of fish

,--fravel in flow

{A) When opproach velocity exceeds swimming speed of fish,

Direction of fish movement in flow

/,-Louvers 90° to flow

Direction of fish
--travel in flow

(B) When opproach velocity is under or near the swimming speed of fish,
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Fig. 7

FLOW FLOW

A
6=11.5°

Va = Approach velocity of flow in feef per second

Vs = Swimming speed of fish in feet per second

\ Rasultant movement of fish in feet per second
6 = Angle of the line of louvers

DIAGRAMS SHOWING RANGE OF ANGLES

IN LINES OF LOUVERS
TESTED AND VEGTORS OF FORGE

IN FLOW AND FISH MOVEMENT
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{pucoag Jad 3894) - RIIDOTIA HOVOUILY = €A

Table 1,--Swimming speed (Vg) required of fish passing line of louvers for given

approach velocities (V4] and selected angles (@) of the line of louvers.

{Vs = V5 8in 8}

0.97 1.22  1.46 1.6 1.93 2.16 2.39 2,96 3.50 b .02 .50 4,95
0.90 1.13  1.35 1.57 1.79 2,01 2.22 2.75 3.25 3.73 .18 4. 60
0.84 1.04 1.25 1.45 1.65 1.8% 2.05 -2354 3.00 304 .86 i, 2u
0.77 0.95 1.1% 1.33 1.52 1.70 1.88 2.352 2.75 3.15 .5k 3.89
0.70 0.87 1.o04 1,21 1.38 1.53 1.71 2.11 2.50 2.87 .21 3.54
0.63 0,78 ©0.9. 1,09 1.24  1.39 1.5 1.90 2.25 2.58 .89 3.18
0.56 0.69 0.83 0.97 1.10 1.2b 1.37 1.69 2.00 2.29 i 2.83
0.49 0,61 0.73 0.85 0.96 1.08 1.20 1.48 1.75 2.01 .25 2.7
0.42 0.52 0.62 0.73 0.83 0.93 1.03 1.27 1.50 1.72 .93 2.12
0,35 0.43 0.52 0.60 0.69 0.77 0.85 1.06 1.25 1.43 .61 1.77
0.28 0.35 0.4z 0.48 0.55 0.62 0.68 ¢.85 1,00  1.15 .29 1.41
0.21 0.26 0,31 0.36 0.41 0.46 0.51 0.63 0.75 0.86 .96 1.06
0.14 0.17 0.21 0.24 0.28 0.31 0.34 0.42 0.50 0.57 .6l 0.71
8 i0 12 14 16 18 20 25 30 35 4o b

ANGLE OF LINE OF LOUVERS (degrees) @



the placement qf‘the,line of louver slats relative to direction of

Tlow.

Placement of- the entlre strueture relatlve to dlrection of

flow makes & difference in the way downstream mlgrants react, They

search. almlessly w1th the strueture placed at 90 degrees to flowf hile

Wlth structures p081tloned under 40 degrees they are guided downstream
in their movement;. - : ji e

| Ind1v1dual louver slsts are placed 90 degrees to the fiow
in the Tracy structure although in estebliehing design crlteria trlals
were also msde at 70 degrees &nd 0 degrees. Ehe 90-degree angle Was
sdoPted because 1t wad ‘the mpst effective in deflecting fish. ;“

The Ebove discuSSLOn lndlcates that young migrants, to maln-
taln thelr orientation to louvers, particularly under condltions of
high veloclty, must have falrly smooth flow condltlonsn Upwelllngwof
weter_and turbulenge readlly'disp%scesitheg_frem normal orientationgsnd
frCm nonnai reeetien to the‘leuvers. ﬁccuﬁulations of debris ms%'slso
eauee-disorientetienn ?ProtlemS'reiative te'both ere‘diseussed leter:
in thls chepter and also in Chapter V. L

T One of the most critlcsl areas Withln the entire 1ouver
facility is. the entranceway into the bypasses.- Iffvelocity increases
on enterlng the bypasses, flsh Wlll drift 1in wlthout hesitation but
if it deeresses, fish sense the reduction in veloeity an& swim back
upstream along the. llne cf louvers.

Influence of Day end Night on Fish Defieetfon
Notwlthstanding the mesy eebééiééﬁﬁéf‘éé'wéli as observations

made by the biologlsts and engineers, there is still little to indicate

16



why louvers are generally more efficient figh deflectors during the night
than during the daytime. Even when the louver area was completely
darkened by a covering of tarpauline during daytime deflection, efficien-
cles never reached the same pesk as during the nights. I{ might be assumed
that through greater visibility, daytime efficiencies would be higher;
hcwevgr, due to the extreme turbidity, visibilidy could not be considered
much of a factor even during the daytime. In earlier observations it was
noted thet young wmigrants tend to trevel after derk, and it can be said
that there is definitely a holdup or hesitancy to move &s freely in the
deytime as at night. This was particularly notlceable in earlier studies
within the test flume. Fish released during the daytime would'often swim
upstream to the head of the flume and remain there until dark. By con-
tregt, fish relessed within the flume during the night, slmoet withount
exception, immediately moved Gownstream.

Observations on Behavior snd immin

Young striped besss Just hstched and messuring about & third
of an ineh displey typical reaction when approaching a louverrstructure
in flows where the velocity of approasch 1s higher than their swiuming
speed. The fish, when one to three feet away, positicn themselves at
approximately right angles to the line of louvers--the same position
assumed by lerger downstream migrant salmon and striped bass under
similar conditions.

From general obeervsetion swimming speeds of king salmon and
striped bass appeared to be similar; therefore, swimming speed is not
considered a significant factor in efficiency of collection as between
the two aspecies. Steelhéad trout cbtained from the Californis Deparitment

of Fish and Geme for experimental purposes displayed a capability of

17



"::.llswimming s.gs.inst veloe:.ties Which WOllld. b,s.ve swept. str:.ped 'bs.ss s:ad.
‘king sa,lmon of simila.r Size 1mmed1a:bely dowvnstrasm. ~
f.::'Pred.s.t:Lon s.‘t'. Bypass Erftrances ‘ ‘ o
A Pred.s.t:.on was not studled s:t TTaey, but :|.'t is assumed nthat it
.ex:l.sts s.nd. that :Lt ult:.mately should be evaluated, At other sa.mlar
} installatlons predators have been observed ms.lnts.lnlng B posltlon d.].reetly
111 fr'ont of the 'bypeaussesu When predators fr:l.ghten young ;E‘lsh snd
;‘d.lsrupt the:Lr smmm:r.ng ps.ttem, loss through the louvers und.oub‘t‘.ed.ly -
.oceurs .,“. It ms.y be ‘bha.t a.“b ‘.'L&'s.ey the trs,sh rs.ek Wlth only Ewlnch spa.emg
”:_‘between the ba.rs s serves as an obsts.cle to the en'bry of large fish s.nd
:Jﬂ‘bherefore red.uces preda.tion, ThlS possibility is suggested. by the fs.ct
tha,t very few: large fish gre collec'bed. in the opera.tn.on of the fish :
collec‘bing facili'by, ‘. : | | o H
Turbulence in Secondary Ghannel a

_ One o"bv:r.ous adverse c:ond’.:."s:.on Ws.s .evz.dent shéntly a.fter the 2
.Tra.cy fs.eility was placed. in opers.tlon in Fe"bruary 195'T, A conﬁders:?ﬁ‘le
.rollback of Wafer was observed at the 901nt of dlscharge 1nto the i
seeondary chammel A tur%ulent condltlon from.thls pcint earried down
to the upstresm face of the secondary l:.ne of louversc F:.sh couil.d. -be
Seen sw:meing in i';he reverse flow, bqt apps.rently they could, not find
.'bhe domstresm curren‘bq Mazly of them d.ied. 3 presms.bly from overexer'bion.
Obhers ps.ssed through louve:c's e:.ther from weakness or dlSOI‘lEIl‘UBIJthIle
.El'.'he Bureau of Reelams.tloz} :Lnstalled. wooden baffles s,nd diffusers
(Flgm"e 8) s.s & ‘t‘.emporary measure . 'bo :cedm.ce this burbilence. This

partz.al correction of 'l:he ‘burbulent condltmon resulted. in red.uction of

fish mor"cal:_t‘y snd grea.tly I‘ed.llGE!d loss through "bhe seeoﬁd.ary louvers@

18
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Fig. 8

Y

TEMPORARY INSTALLATION TO DECREASE TURBULENCE
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CHAPTER IV

LOUVER TESTING METHODS AND RESULTS

Factors Iimiting Testing

Effort wae concentrated throughout 1957, the first seascn, on
peeking techniques thet could be employed to measure the efficiency of
the primary louwver system. Baslcally, all that was regulred to evaluate
louver efficiency was to know the numbers of fish recovered in the hold-
ing tanks and the numbers egecaping through the louvers during the same
period of time. Determining the numbers of fisgimoving into the holding
tanks was simple, redquiring only a mechaniczl cperation. The difficult
problem wag in determining the numbers escaping through the primary louver
structure. At Tracy the water is very turbid and veries in depth from
2L to 26 feet. The canal is 84 feet wide, hes a flow velocity ranging
from zero to 3.9 feet per second, and has up to a 7-foot tidal range. At
times it carriee great numbers of young food and game flish, many measuring
less than sn inch in length. The water is turbid with vast amounts of
minute peat‘fibers'carried in suspengion. These fibers and the frequent high
flow velocity made fishing with nets difficult.

Four methods for measuring louver efficiency were considered
initielly: 1) screening the entire flow below the louver structure to
recover all fish passing through, 2) releasing known numbers of marked
fish sbove the primary louvers and counting recoveries, 3) relessing large
numbers cof unmarked fish above the primary louvers and counting recoveries;
and 4) screening sample portions of the flow in the canal both above and
below the primary louvers, and all of the flow 1n the four primary by-

passes. These are digcugsed in greater detail below.
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Sereening Entire Flow

The first proposed method, i.e. screening ‘the entire flow in the

. channel below the primary louvers was discarded as -impracticial becavse

.of the la.rge volume .of water (5 ,OOO cubic feet per second), rela”cively

Bigh velocl’oles? (maxlmum:'o. ‘3 9‘ fest per second) vast smoutt '_19 =
- fibers -ca_rr:,ed in the flow, anc}. the magnitude of the ﬁrea Which Wduj‘d-.
_ha.ve- to be .ne-tté.d.'; 'ft‘.was_ decid_ed insteé.jﬁ.-‘t'o s.éek a itechn-:.l;_g_ue Wthl’J. - -
Wou_'l.d sa.mple a portlon of 'the total ca.nal flow. -
' Recovery of Marked Fish

The first d.etiiled.eff_iciency .e'valua'l:‘_ion plen, one ‘.ianlﬁng
‘the use of marked .fish, was suggested .by._"_-the. Bionl_etriés U@it of the
Bureau of Cormnerqia._l F;T.Shé;'ies‘. Because problems _in‘ma.rking' a.nd._.réco.very
techniques rermai__ned'.‘ to be s‘olved., rand. certain agsumptions invdli}e;d. 'in
the use of marked f-iush needed to be validated, it was decidéd thet the
-marking étﬁdieé should be SeQﬁen't.ia.l .:‘Lﬁ that the results of one trial
‘would determine what the nex*t tr:n.al or action shou_'l_d be.

The first series of marking stud.z,es ca.lled Tor the release
of =& kt’lOer num"ber of marked. fish upstream:fr‘om the line of louvera for
recovery . in the holding tanks. Efficlency was to be measured by dividing
the number of :_rnarked fis_h“re.cove‘red in the helding tanks b:} the number of
marl_:eci Fish reles.sed“abbve the primary louvers. In employ;i'._.ng‘ this pro-
cedure the following -_ésSﬁmp‘tioné were mede:! |
..l. Thet marked fish ’Wouid move downsti'eam,
2. Thé.t ‘the marks would remain visible for the time reguired for all

fish of a marked _‘l_ot to be reccvered and id.errt.ifie:i in the holding

tank.



3. That holding &nd marking would cause no mortallty or that mortality
would be a conetent with respect to loss and recovéry.

.4, That a marked fish is ae likely as an unmarked fish to be recovered.

5. That the distribution of merked fish within the total flow is the
same as that of unmarked fish.

6. That if efficiency is independent of depth, then assumption 5 may beut'
replaced by the assumption thet all sections of the louver system
fish with equal efficiency.

Recovery of King Salmon Marked by Fin Clipping

About 3-inch long fish were marked by clipping their fins. Téﬁ
determine their raté of trevel from the primery bypasses fo the helding
tanks, they were released into the four priwary bypasses in the order of
bypass numbers &, 3, 2, and 1 (Figure 9). Before being released the fin-
clipped fish were held overnight-for conditioning. |

In the testing process, fish and water were poured into & large
funnel leading into a h-inch rubber tube that reachéd’B'Téé%*%éﬁkwintoheECh
bypess to a depth of 3 feet. Compressed air was used to force fish and
water out of the lower end of the tube. Water velocity in the bypasses
at the time of release was approximately 2.6 feet per second.

Continuous collections were wade in holding tanks 1 and 2
alternating every 15 minutes and continuing for 2 hours after the last
release wes made. |

It was found thet even though all of the fish passed readlly
into and through the primary bypasses, approximately 20 percent were not
recovered in the holding taﬁks. Bubsequent draining of the secondary

gystem canal revealed many warked salmon hed remained sbove the louvers.
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Weiting for the fish to move Would have introdueed meny eomplicatlons h
both preetioally and stetisticellyu: Therefore the use of fin-olipped

fieh to evaluate the efficieney of the primary louver Wae abandonedn

\' R
[T

Date from this series of teete are given in Figure lO,
Marking Striped Bass with Dyes AL T e

Ae Smell-Sized striped bass, one-third to three-fifths of an -

mesns for identifying them were eought 'éﬁéﬁé”fﬁéﬁ'%ﬁé“ﬁEefEEfa§%§*ena
colored latex. Different dyee used 1n varlous GOnoentrations 1deluded.
.Gentian Violet CarboéFuchein, Brilliant Vital Red Malachite Green,
Evens Blne, end redJ yellow, and green 2ood ‘colors: 1 qutd Tatex was
udiluted for suboutaneoue ingections in different erees.J'ﬁnfor%uneﬁely;
| use’ of the dyes proved infeesible because their affinity for the .
mucous covering of the fish lasted no longer than ten minutes--insuffi-
H.cient for test purposes.qﬂ :

“ : In handling the fish for merking and elso for other purposes,
:triceine methanesulfonete (MSBQE) proved to e e very éfPeetive” T
eedative.j Sodium amytal ﬁéé found ineffective for striped baes. * Water

wae aerated as required end selt added in some instenees When treating

etriped baee to hold them in the %est poseible phyeioal condition prior

-
B I SRR I A Coa SENERIT
S LI

to teet periods,'J'”
Release and Reoovery of Unmerked Fish

Following the unsuceeesful ettempts to develop B merking

technxque for small striped bese, another procedure referred to ‘as

unmarked'release—reoovery Was tried. While statieticelly adequetef“w

41

this plen feiled in praotice,' It called for the releese of a large .

known number of young, unmarked striped bass (Nl) Just above the

a2
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JULY 1960

NUMBERS OF FISH-CUMULATIVE
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primary louvers during the daytime when migration is normally lowest. It
was hoped thet the recapture of a large number of released fish, Cl, would
stand cut in strong contrast tc the smaller number normally passing through
the systenm during this period. By estimating the number of striped bass
normally caught, Cp, during this.period, a measure of the efficiency of the
primary, P, c¢ould be theoretically determined by subtracting Co from the
total catch, Cp, where Cp = C; + Cp, and divliding by the total number of

fish releazsed, Ny.

In erriving at the numbers of migrants normally caught (02) for
any specific time period, primery bypase nets were to be fished for a
series of 3 consecutive ecual (1C-minute) pericds until sufficient data
were aveilable to allow for an estimate of the catch cof the second or mid-
period for any specific series. After this estimate had bteen made, release
of the young, uvnwmarked migrants could be made during the mid-period.

| Additionally, to collect fish in the hest possible condition,

a lT-foot'net in the form of a tube was led from No. 3 bypass into a
large, screened livetank. Thils equipment eould be operated for only
about 20 minutes. 3By that time, it was inoperable due to complete
clogging by debris, mostly peat fibers.

The fish available were mostly striped bass sbout an inch to
an inch and a gquarter in total length. These were used in The
"unmarked release-recovery' mgthodu First attempts to handle these

fish resulted in mortelities of about 80 percent which was considered
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excesslve. By anesthetizing the fish with tricaine methanesulfonate
(us222, 1k Gms to 50 gallons .§>f water) prior to handling, the mo:c;cs.lity
.. wes. reduced to 20 to 35 percent. |
Beczuse the number. Gf figh present was lowest during daylight _
- hours,. the nunber released. for recovery was relatively large. . Recovery,
however; was very. low. . This gould have teen due to holdup in the
secondary channel and loss thréugh the 1ouvérs ;- 1ikely because cof
.thé impaired physical ccndition of the fish caused by ha'.nd_'l_ing,
Because of these uncertainties, this method did not seem sufficiently
conclusive as to results, |
Screenlng 8 Portion of ‘I‘otal Cana.l Flow

To av01c1 the morta.lltles caused by ha.ndl:.ng the following
mefhod was tried as an alternative. Simultaneous collections of s'briped.'
baes were méder using 12 :_f'yke nets. Four of these with cpenings |
- ﬁeasug&ﬁg pn féét by 4 feet, straining a total of approiimately’ i
percent éf thé Q;,W}erage' chaﬁ.nel flbW,I‘Were £ished at foréba:y'(i.'e, above
“the prlmary louvers) sta.ticms equldlstant 8Cross the 81Lnfoot channel on
a la.ne beginnlng 12 feet upstream from the f:.rst louver sla:tn. Four
gimilar 'ne‘cs were fished at afterbay stations (helow the louvers)
directiy dovmsﬂresm from thel foreba.y netg aﬁd. next to thel downstream
edge of the primary louver deck. The‘rerlnaining four nets “'fishe'd the
dischérge froni .'L'.he- bmésses into the secondaryn The procedure In fishing
the nets was to set ther in seguence at 3nminu'be intervals and ‘to raise
them in the same order as they were set. With 8 nets U-l- a.'bove end b |
'belowl the louveré) eacﬁ net fished a Qll-fminu'be period. The rets qbl-
lecting fish diverted by the four 'bjrpassés were fisghed for l2-minutes
ot mdtime between setting the first net ia the primary charnel and

removing the lagt one. ol



For the purposes of this test it was assumed that all nets
fished with equal efficiency, that lateral movement of fish induced
by the louvers did nct affect collecticn and that fish do not move through
the louvers in significant numbers when velocities drop below cne foot
per second. A diregt comparison was made of the catches in the two sets
of nets fishing the primery channel. As shown in Table 2, the forebay
nete caught 274 striped bass and the afterbay nets, whigh were aligned
directly downstreem from those ahead, caught 8 gtriped bass. Thus the
nets shead tock §7.2 percent of the total cateh of sll of the nets.
Because this method sampled only 4% of the flow and because lerger fish
might avoid entering the nets, the findings In this case were considered
indicative but not conclusive.

Screening Total Flow into Secondary Channel

"Nets were set to fish each of the four bypasses from the
primery louver system at the polnt of discharge into the secondary
channel. Thesge strzined the totel flow into the secondary. The numbers
of fish collected by these nets represents the total number of fish
diverted by the vprimary louvers. Numbers of striped bass caught with
these nets together with those above and below the primery louver
system are shown in Table 2.

Based on the data for flows of 2.5 féet per second, the four
forebsy nets fieghing in the upper 10 feet cf water captured an average
of 38 striped bess per hour and the bypass nets an average of 675 per
hour. The finding 1n esrlier studies (ibid., l957yﬁpn 29) on the ver-
tical distribution of small striped bass in the forebay of the canal

showed that T2 percent of them occurred in the upper 10 feet of water
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‘Table 2.--Recoveries of Striped Bass wilth Fyke Nets Fished Above

end Below Frimary Louvers and at Discharge from Bypasses

into -Secondary Channel

Above Iouvers

Below Louvers Bypass
Tidal Channel Net No. ~.Net No. Net No.
Flow Veloeity* 1 2 3 k4 I 2 3 i 1 2 3 L
(£/s) (Nunbers of fish recovered) . ‘
out -« 1.4 1 2 5 5 4 23
2 : L2 2 30
1 _ 1 22
1 2 36
- 2 2 1 22
1 1 1 L 2 3 21
Out 1.9 : 1 12 11 5 19
: 3 3 5 6 29 24L 24 71
1 _ 1 6 L 5 32
2 7 7 16 23
4 2 5 5 11 31
' - -3 6 8 3k
3 5 3 2 5 55
In 2.5 1 2 1 "1 8 5 26
2 1 1 o1 7 14 8 26
10 11 13 13 1 25 k9 65 :110
2 5 3. 3 7 16 8 18
1 7 8 7 1k
- 17 h 12 5 2 37 52 56 135
2 3 3 1 8 6 11 23
1 2 - 3 9 6 22
8 11 8 &6 1 W T2 63 175
3 2 5 1 11. 17 22 L2 -
2 2 8§ 11 11 =29 -
& 3 6 1 39 62 77 191
3 2 2 L 15 14 52,
In 1.9 3 8 1 17
1 2 2 1 1 5 20
3 1 3 5 3 &3
2 3 1 18
1 3 5 5 Lk 21
2 1 L 3 1 29
1 1 1 S b 5013
out 1L 1 11 5 9
. : 1 11 1 .12
1 2 1 2 - 1l
{Continued)
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Table 2.--Recoveries of Striped Bass with Fyke Nets Fished Above
and Below Primary Louvers and at Discharge from Bypasses
into Secondary Channel (Cont'd)

Above Louvers Below Louvers Bypass

Tidal Channel Net No. _ Net No. Net No.
Flow Velocity* 1 2 3 L 1 2 3 L 1 2z 3 I

{£/s) {Number of fish recovered)
In 1.k 1 1 7
2 11
1 1 L4 1 8
1 3
Out 0.8 2 1 2 5
3
1 L
1
Column Totals 61 T6 70 67 1 3 0 4 319 438 467 1506
Grand Totals 274 2730

Proportion of fish recovered from each bypass (Percent)l2 16 17 55

* + 0.2 feet per second.
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sid 28 percent of them in the lower 10 feet of water. On this basis,
w:.th 38 fish being ca.ught in the upper 10 feet Where "(2 percent 8f the
fish occur, i'l: can be estimated. that :E‘our nets fishlng in the loWer 10 -
feet .of water Would ha.ve taken an average 15 fish per hour or 28 percent
' ‘,of the total AI.J. elght nets wguld have :flshed 8 percent af fihe total
flow for a_rtotal of 53 fish, There:ﬁ‘ore, the estimated tof:a.l number

.cf fish _pa‘_.s‘srin_g down the entire cenal would be an ave;;'age ‘of 663

per hour derived thus:

8:53 = 100:X
8X = 5300
x = 662.5

| This compares with the actual totsl catch in the bypasses af
67'5, Wﬁicﬁ wonrld indicate that close to 100 percent 'Q_f the fish were
‘-defleétéd by the primary louver system. The' Advisory Council .éonc;lud,ed,
hdweverj_ thet becaﬁsé this "findi"né‘, Wa.s, iﬁ. par'b, i*iypo"dhe'bicai it could
not be lcbnsidered conclusive and thaf' other rﬁeé.zis of ,ﬁ%asurem_e_,nf& should
be tried in 1958.

_Effect .of Tides, Time of Day, and Velociby on Fish

During the course of the 1957 tests several factors that
pléy a part in thé overall efficiency of the louver system were investi-
gated.  These include information on the relstive :pe;-c__entage of Tigh
‘ éﬁﬁériﬁg:,eqé,ﬁ ofl the four primarjbypasses s selept:f:vity of flhe' bypg.sses.
am‘l the nets as fo gize of fish collected, and the effect of 'b;i.de,s‘
_ on the mumbers of figh entering the camal and passing inté the_primary ‘
bypasses. o |
Table 3 shows that 1f velocity increases 5 .the propofbion
of striped bass moving into the first three bypasses alsgo increases..

Figure 11 shows that there was evidently ne selectivity in
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the sizes of fish collected by either the primary bypasses or by the nets
fishing in the primary canal.

During several nights the totzl bypass flows were filshed during
the incoming tide for periods of 12 minutes after which the catch was
enumerated. Figure 12 indicates that the greatest numbers enter the canal

and the bypasses shortly after high low tide.

Table 3.--Percent cf Striped Bass Collected in Bypasses
at Three Channel Velocities

Bypass Velocities
Number 1.4 feet per second 1.G feet ner second 2.5 feet per second
(percent) {percent) (percent)
1 9 14 12
2 6 13 15
3 6 16 20
i 79 57 kg

Evaluation of 1957 Testing Program

On December 13, 1957, mewbers of the Advisory Council met at
Tracy, Czlifornia to review tﬁe results of the season's work. BSince all
of the methods tried had limitaticns which left the findings open to
guestlion & new program for measuring the efficiency of the primary louver
syatem wag suggested by the Biometrics Unit of the Bureau of Commercial
Fisheries at Seattle, Washington (Appendix C).

This program was discussed 2t some length, particularly the
mechanics of fishing nine fyke nets at each of two locations. The require-
ment that these be fished as nearly simulfaneously as possible popsed
difficult mechanical problems and inveclved costs far in excess of those
originally estimated.

At & second weeting on February L4, 1958, the Fish and Wild-

life Service represgentetives advised that even 1f the funds were available
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the facilities and equlpment for this program could not be completed
by July l, 1958 This meant that testing of the primaxry structure |
Would have to be deferred untll at leest 1959 by Whlch tlme the interd
bureau sgreement for the program‘wquldihsye,expirsd?:“As:an alternatiVe
.-the suggestion was made that_the_deﬁlecting_efficienchof_the secondary '
B louver system (Fiéure 13} be tested during_the,balance-of“l958 and that
the ‘results_be apfpljfed to _the.prirﬂary systemn-___in support of this
suggesticn it was'pointeddoufftnat.tne.twoilouverfstructures sre similar
'.:in dgsign’f#h?fﬁﬁéﬁfbﬁ:éh&ui?fdﬁé?at?pﬁ;Land'that inrthe‘secondaryz'
a1l of,the'water eould be sesnled; Diversion throuéh'the typass
fishmsys leading from the prinary'to the gecondary louVErs and the
excitenent and disorientation resulting from ejection‘into the turbu-
'lence of the secondary were con51dered e adverse factors, ”If'fish '
wers dlverted by the secondary system in splte of these condltlons then,
1tlwas reaSOned they'would be even more llkely to be dlverted in the :
prlmary'where these condltlons Were absentﬂ' That belng the casa, the
appllcatlon of the flndlngs in the secondary to the prlmary'would be
on the conservatlve slden | o S -

In further support of the suggestion that testlng be done in
the secondary it was recalled that tests had been made under somewhat
'simllar circumstances in Bay No. 1 of the pilot structure (lblda, 1957,
DD- 64-75) Wwith which findlngs could be comparedu The arguments favorlng
uge of the secondary louvers were accepted and the 1958 testlng plan
establlshed accordingly° o
Use of Secondary Louvers dn 1958 Test Program

. Testlng 1n the secondary louyer system was unsmoldably delayed
until July 1958 due to the small volume of water drawn by the Tracy Pump-

ing'Plant up to that date. With only a single pump operating during the
. 30 .
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first part of the seascon, fish did not enter in sufficient numbers to
gllow for teéting. By the time testing started the king salmon seaward
migration was about over and the stripers had grown considerably. This
required some testing early in 1959 to complete work on these species.

In using the secondary louver system for determining'effective-
ness In deflecting fish a series of testswere. conducted with fish of
different species and lengths. This was done to provide a dlrect measure
of the loes of fish through the louvers under the following conditions:

1. length and species of fish

2. Daytime and nighttime opersticn

3, Different ratios of bypass to appreoach velocities
4. Double and single line of louvers

Because approach velocity in the primary channel is subject to
variaﬁion, ranging from zero to 4.0 feet per second, and because velocity
directly influences the deflecting efficiency of the louvers, tests were
conducted with the following approach velocities: 1.0, 1.5, 2.0, 2.5, 3.0
and 3.3 feet per second.

During this period of study 165,000 fish (mostl& striped bass
end white catfish but with a few king salmon) were hsndled in 1,074
individusel tests. With the youngest striped bass not available during
the 1958 migration season, the range and numbers of tests with this
gpecles was necessarily limited.

Test procedure in the secondary canal was simple. A large
net (Figure 14) 9 feet deep, 8 feet wide, and 16 feet long was con-
gtructed with four separste funnels or fykes bullt into the throat,

each leading intoc a commen "pot". The net was hung on a steel frame
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which in turn wes, held 1n p031t10n by gulde slots. The net Was ralsed

or lowered wlth an electrlcal h01st.‘ A 21pper at the downstream end of

o A,

the net allowed for 1nspect10n of the pot and counthg the flsh,

L

r&.- —

o F:.eh:l.ng prooedure mvolved lowerlng the net to the f‘ull *ca.nal "
depth norme.lly shalgl.ower than net helght s 80 that the total canal flow wa.s
screened, S:Lmulta.neously, by‘pass flow Wa.s d:l.scharged :Lnto a hold:l.ng tank
'__7‘_'Colleot:l.on perlods were equal for both net and ta.nk usua.lly 10 m:mutes

T e

Length a.nd Spec:.es of.' F:Lsh Recovered

Length of fish is an uuportar;t__oonsideratiorr partioulerly' with
respect to striped bass and white catfish. TLarge numbers of these fish

which had been recently 'ha_tohed and were as small as a third of an inch

entered the area. These small fish as well as others, including king saimon

measuring, an. :|.nohand a nalf to four inches in .len'gth, were used in the tests.

. Teble J_L shows that‘: the recovery rate of t_he _twoksi:ze _groups of.‘
£ish available ves generelly higa. Noteworthy is tae faot that most
» (76-86 percent) of the small fish upder an j_n_ch‘_i_p: length are diverted
if the flow is unifom 'andvelooitw 1s below 3 feet per second.. _At. the_
outset. of ..j._nve_sti.ga_.tions‘ ieadirig te the, oo_nstr_uctiori of .th_e Tracy
facilities it hgd-,;;ot been eoneid_ere_d.possj__‘ole to sa.ve.. significant
numbers of such small fish. . . |

The. delcr‘eh;ase in the propertion of small fish, diverted s'.s‘; th‘e.
approaoh velocity increased is explained‘ Yy the fact thet in & .veloc_ity,
of 3.0 ‘feet per sscend, . tll'l.e,ewim.ming speed must be 0.8 feet per second
to hold;a pogition normal to, the 191;@;__5 a,r_ld:'tot_ gvoid being swept -

through them..;This,is close te. the.maximm switming, ability of striped

bass and-white: catfish under an-inch in length.
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Table b4, --Influence of length of Fish and Approsch Velocity on

Deflecting Efficiency of Secondary Louvers

Approech Velocity

Feet per Becond 1.C 1.5 2.0 2.5 3.0 3.3
Fish Lengths 1/3 inch to 1 inch
STRIFED BASS
Number of collections 8 8 12 g 8
Number of Tieh collected:
In net 123 116 185 207 191
In tank 2,302 1,740 2,166 1,849 1,126
Efficiency (percent) ok.6 93.7 ge.1 89.3 85.5
WHITE CATFISH
Number of collections 18 13 17 16 10
Nurber of fish collected:
In net 1,250 1,381 1,737 2,075 1,24k
In tenk 7,586 5,002 5,396 6,441 4,205
Efficiency (percent) 85.8 78.3 75.6 75.6 77.1
Fish lengths 1.5 inch to 4 inches
STRIPED BASS
Number of Collections ly 11 N 6 b N
" Number of fish collected:
Tn net 10 21 8 13 - 2
In tank 200 385 220 431 285 124
Efficiency (percent) 95.2 ok, 8 96.5 07.1 99.3 98.%
WHITE CATFISH
Number of collections 13 15 10 12 9 8
Number of fish collected:
In net 15 8 20 21 L7 8
In tank 5,802 1,602 2,319 2,145 2,244k 1,37k
Efficiency (percent) 99, 7 09,5 99.1 99.0 07.9° 09.h4
KING SALMON
Nunber of collections 13 12 8 5 6 8
Nurber of fish collected:
In net 25 & 5 5 7 2
In tank 332 239 264 Lpg LEo 213
Efficiency (percent) 92.9 97.5 98.1 98.8 g8.5 99.0
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Effect of Daylight and Darkness on Fish Recovery

In the course of earller work _/ it had been ohserved that
during the hours of darkness deflection efflciencleS'were generaliy :
higher thar those prevalling during. the daytime. To verify this obser_
vation and to _Secure more preolse informatlon, spec1al tests Were con-r“
ducted with striped bdds and white csgtfish.

Tables 5 end 6 summarize the results of these tests. Apparently ‘
white catflsh are deflected eqnally‘well during perlods of dayllght and
darkness. Ehls is ev1denﬁly not true for strlped bass, however When
velocities were less than 2.5 feet per seoond efflclency wag very hlgh
during both daytime.and'nighttime conditions. Figure 15 shows the
aversge numbers of striped ‘bass: collected hourly durlng four-pump -
operetlon, Jn;yr23-to 29, }95T,rend‘e flye-punm operatlon,“July'lE to '
17, 1957. = o R T
Effeots of Bypass to Channel Velocltles on Deflecting Flsh

. Tha purpose of 1nvest1gat1ng the ratlc of” veloolty in the‘:
bypasses to the veloclty of flow approaehlng the louvers was to find
the ratio most sultable for deflectlng fish. It was known in the de;‘
S1gn of ‘the stricture that the velocities in the bypasses ghould: be '
hlgher than thoSe approaohlng the louvers Wlth the completlon.of the
fac1llty 1t was poss1ble to verlfy the 1n1t1el cbservation end to de-.,-
termine the effects of various ratios. . .

Table T gives the flndlngs for strlped vass under l 5 inches
inﬁlengﬁnq, Generally there was an advantage in using & bypass to

approach velocity ratic of 1.4 t6 1 rather “than 1.0 or l.E'to l. For

§/¥field and leboratory Tests to Develop the Design of & Fish Screen
Structure, Delta-Mendota Canal Headworks, Central Valley Frolect,
Californie. U. 8, Department of the Interior, Bureau of Reclamation,
Division of Engineering Laboratorles, Eyd. Lab. Report No. Hyd.-401,
March 2L, 1955. Fig. 22, ”

£



Tahle 5.--Efficiency of Becondary louvers in Deflecting
Figh at Various Veloclties

DAYTIME
Approach Velocity¥*
Feet Per Second 1.0 1.5 2.0 2.5 3.0

Fish lengths 1.5 inech to 3.0 inches

STRIPED BASS

Nunmber of collections b b b L
Tumber of fish collected:
In net . 6 11 11 1
Tn tank 63 112 2h2 168
Efficiency {percent) - - 91.3 91.0 95.6 99. 4
WHITE CATFISH
Number of collections L b o b -k
Number of fish collected: ‘
In net L 3 8 1 13
In tank 329 653 1,176 600 @ 649
Efficiency (percent) 98.7 99.5 99,3 99.8 97.9
KING SAIMON '
Numbgr of collections ' 8 8 8 8 8
Number of fish collected: '
In net ' 37 43 8 0 1
In tenk 308 312 310 . 160 8L

Efficiency (percent) . Bo.2 '87.8 g4.5 100 98,8

* Average velocity of flow in secondery channel approeching louvers.
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Table 6.--Efficiency of Secondary Iouvers in Deflecting

Fish at Various Velocitles

NIGHTTIME
Approach Veloclty* : '
Feet per second 1.0 1.5 2.0 2.5 3.0 3.3
Fish Iengths 1.5 inches to 3.0 inches
STRIPED BASS :
Number of collections 8 8 8 8 8" 8
Number of fish collected: ‘
In net ' T . 3 1 3 2 2
In tank 118 95. 99 250 285 2L
Efficiency (percent) k. k 96.9 99,0 98.8 99.3  98.%4
WHITE CATFISH
Number of ccllections 8 8 8 8 8 8
Number of flsh collected: s
In net ' .0 L 5 11 Lo 6
In tank . . 137  5hke 882 1,038 1,865 1,083
Efficiency (percent) 100 99,2 99, i 98.9 97.9  99.4
KING SAIMON -
Number of collections 8 8 8 8 8. 8
Nunber of flish eollected: ;
In net 25 6 5 5 7 2
In tank 332 239 264 Lg6 LE0 213
Efficiency (percent) 92.9 97.5 98.1 98.8 98.5 99.0

*Average velocity of flow

in secondary channel approaching louvers.
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Table 7.--Influence of Ratio of Bypass to Channel Velgcity

znd of Different Approach Velccitiep on Efficiency of
Secondary Iouvers in Deflecting Fish

Fish length under 1.5 inches
Bypass-Channel Velocity Ratio 1.0 to 1.0%

Approech Velocity

Feet per Second 1.0 1.5 2.0 2.5 3.0
STRIPED BASS
Number of collections 1k 13 1h 2
Number of fish collected:
In net 251 228 156 47
In tank 1,78k 1,878 1,171 L7
Efficiency (percent) 87.7 89.2 88.2 90. 4
WHITE CATFISH
Number of collections 14 13 14 2
Nurmber of fish collected:
In net : 651 601 Log 56
In tank : 1,226 1,341 1,937 178
Efficiency (percent) 65.3 69.1 82.5 76.0

Fish Length under 1.5 inches
Bypass-Chennel Velocity Ratio 1.2 to 1.0%

STRIPED BASS
Numper of copllections 17 13 15 19 2
Number of fish collected:
In net 233 211 213 482 17
In tank ; 1,796 1 989 2,504 2,888 ok
Efficiency (percent) ée. 5 90 gz.2 85.7 85.9
WHITE CATFISH
Number of collections 17 13 15 19 2
Number of fish collected:
In net 1,144 1,052 1,636 2,034 216
In tank 7,233 3,568 3,033 6,414 1,088
Efficiency (percent) 86.3 77.2 65.0 76.0 83.4
{Centinued)
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© Teble T.-~-Fish length.under.l.5 inches, single louver

Bypass-Channel Velocity Retio 1.l fbll;Qj(Cont'@l’i”

Approach Velocity T

2.5

3.0 3.3

Teet per second Lo Lo

STRIPED BASS

Number of ecolliections =~ = 16

Number of fish collected:

B et e e e L m,w235iihum

7 In tank
Efficiency (percent) . -

3,552

WHITE CATFISH

Number of collections Juhrg :1631-.

Number of fish collected: . -

In net | k59

In tank 1,280

Efficiency {percent)

$3.8,

73.6

g

1,2k
k,348

77.8

;'Si';

201 .
_3)079
93.9

14?

2,0

211 .-

2,290

91.6‘

13-

489
1,674
78,4

13-

‘180

k00

8915

9

619

2,502

8.1

sk
L ,871 .

. 9lh¥j ”'=-

5
1,028
3,107

S 75.2

Figh Length 1.5 to 3.0 inches, double louver

- Bypagg-Channel Velocity Ratio 1.2 %0 1.0

SIRIPED BASS. -

Number of fish collected:

: In tank : 319
Efficiency (percent)

KING ‘SATMON

Nunber of eollections  .1>‘ 8 .

Nunber of fish collected:

In net : 35

In tank ' 382
Efficlency (percent) 91.6

WEITE CATFISH

Number of collections - 8.

Number of fish collected;?'

. In net . e . ) li  =,
5,636 -

In tank

Efficiency (percent) 99.8

92 ":'T,,

661
92.0

.8‘ﬂ,<
oh

- 287
92.2

9Lé
99.8

Number of collections .. . .-:7 “, ,LiQ_“'

é._”

1

hoi
88.3

13
297

95.8 .

971
199.3

222

176

e

98.2

29.

R

.8 8

76 175 89
98.8 .

_96 1 100. '3

. '7- .2"
349 291
98jl 99.3

(Continued)
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Teble 7.--Fish Length 1.5 to 3.0 inches, double louver
Bypass-Channel Velocity Retioc 1.4 to 1.0 {Cont'd)

Apprcech Velocity

Feet per second 1.0 1.5 2.0 2.5 3.0 2.3
STRIPED BASS
Number of collections b 11 L 6
Number of fish collected:
In net 10 el 8 13
In tank 200 385 222 431
Efficiency {percent) 95.2 9k.8 96.5 97.1
KING SAIMON
Number of collections 8 8 8 8 8 8
Number of fish collected:
In net T 3 1 3 2 2
In tank 118 95 39 250 285 124
Efficiency (percent) ok.0 97.0 99.0 99.C 99.3  68.0
WHITE CATFISH
Number of ccllections 8 8 8 8 8 8
Nurbher of fish collected: '
Tn net 0 L 5 11 40 6
In tank 137 542 882 1,038 1,865 1,083
Tfficiency (percent) 100.0 99.3 99.4 99.0 98.0  99.5

*ighttime tests.
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.striped bass and king salmon over l 5 inches in . length the deflection
wefflclencles were also generally hlgher when the bypass to approach
_LV?19Clt¥ ratio was l.hmto 1.0.. 0 -  $~

For Whlte catflsh under 1.5 1nches in leﬂgth, bypass to approach
ratlos of l 2 to 1.0 and 1.k to 1.0 gave 51m11ar efflclencies._ Efflciency
was reduced when the ratlo Was l O to l O. | T

As the minimum length of klng salmon avallable at Tracy was
-agproxlmately 1.5 inches, all data for thls SpECleS are for flsh of that
-size or larger.‘ A sllghtly hlgher eff1c1ency‘was obtained for salmon at
g bypass to approach ratic of . lrh te l O “than at a retio of l 2.to 1.0.
) | Deflectlon gefficiencies for whlte catflsh over l ‘5 inches .in
| length Were high at both the 1.2 to l O and the: 1.4 to 1. O ratioq
“:Camparative Eff1c1ency of Double and Single Lines of Louvers |

3 ~In earller studles Wlthln 8- test £lume (ibld 1957, p 75)

it was found that a double line of Touvers was somewhat_more:effieieﬁt
then a single line. Because of the resitricted approach distance in
‘the secondary channel a double,louver.line was installed. To check
whether the findings in the test flume were true for the prototype,
tests Weré started early in the summer of 1958 using striped bass and
white catfisgh under 1 inch in length. By autumn stpiped bqss were
more than 1.5 inches long, growth having heen very repid during the
summer months. Development of white catfish is slower. Tests with
larger catfish were therefore delayed until the early spring of 1959.
Table 8 vecords the resulte of all tests. With the smaller fish, the
double louver line was more efficient at sll spproach velocities while
thers was only a slightly hetter deflection efficiency for the larger
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Table 8.--Efficiency of Double Versus Single Lines of Louvers at Various
Approach Velocities in Secondary Channel

Fish Iength under 1 inch, double louver

Approach Velocity

Feet per second 1.0 1.5 2.0 2.5 3.0
STRIPED BASS
Number of collections 18 13 17 16 10
Nurber of fish collected:
In net 193 147 218 L56 208
In tank 2,701 2,086 2,516 3,085 1,230
Efficiency (percent) 93.0 93.0 92.0 87.0 85.0
WHITE CATFISH
Nunber of collections 18 13 17 16 10
Komber of fish collected:
In net 1,250 1,381 1,737 2,075 1,244
In tank 7,586 5,002 5,396 6,kk1 4,205
Efficiency {percent) 85.00 T8.0 75.0 75.0 7.0

Fish Length under 1 inch, single louver

STRIPED BASS,

Number of collections 15 1k 19 12
Number of fish collected:

In net 275 265 324 233

In tank 2,6h7 2,982 4,171 1,652
Efficiency (percent) 90.0 51.0 92.0 87.0
WHITE CATFISH »
Number of collections 15 1h 19 12
Number of fisgh collected:

In net 856 913 1,098 578

In tank 2,682 2,914 2,677 2,475
Efficiency (percent) 75.0 76.0 70.0 81.0

Continued
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Tawle? B, e TFfLetencd F Dousle  Verelis Single  Tines of Touyer et Varidus’
' Apprioach Velocltits in Stiondery’ Chennel {Cont'd)

Flsh léngth l 5 to 3 0 1nches, doilble louver

Approach Velocity

Feetapen.Second»“Amﬂhrmlﬁgkup;pO;m 1,5 2.0 2.5

STRIPED. BASS , N i
Number 6f collections ' sl 11 I T

- Nunber of, Fish cpllected:. o _ BT

In n@t A KON~ 8 13

Im tapk ... - 200. 385.- g2e2 431

| Efficienty (percent) Coe 95,27 ok.8 96.5 97.1-

WHITE CATFISH . _ . : .

Number of colledtions L 11 hy . 6

Kudizer of fish collected . o S A
T C b 5 11

aix 0 0 mro oslo. 88 1,038
Efflclency‘(percent) c.o. 0 9920 99.k 98.9 ¢

. g;sﬁrleﬁgihfigs'to-3;o inches; single louver

STRIPED BASS ‘

Number of colleétions 10 11 7

Number of fish collected: . o -
In net o R AP 18
In tenk - 7 -7 264 . 253. . 255

Efficiency (percent) St 96:0 0 gk, 93.L4

WHITE CATFISH . | | .
Number of collettions 10 11 7

Number of fish collected: , _ S
' In net f'._ﬂ L 39 36 26
In tank -, " - - 281 -~ 328 668

Efficiency (percent) “ﬂf' 87.0° 90.0% 96.2 .
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striped bass with the double line., The large white catfish were deflected
more efficiently with the double louver line, but at an approach velocity
of 1.5 and 2.0 feet per second even the single louver line deflected at

least 90 percent of the fish.
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CHAPTER V

TRASH REMOVAL AND HOILDING, COUNTING, AND TRANSPORTING FISH

General (Observations

In this chapter the operation end effect on efficiency of
appurtenant facilities, inecluding trashrack and rake, fish holding tanks,
fish hauling buckets, fish sampling equipment, and tank trucks are dis-
cussed. Modifications in the design of some of the appurtenant faeili-
ties are described, and suggestions are wmade concerning procedures for
operating some of the equipment.

The efficiency of thesé facilities was studied largely Dby
observation, but many tests were conducted to determine tolerable ranges
in weter tempersture and dissolved oxygen content when confining the
geveral species and sizes of fish in the holding tanks and tank trucks.

Water-borne debris strongly affects louver efficiency. At
certain times tremendcus velumes of trash are carried in the water
drawn toward the Tracy Pumping Plant and deposited onto the trashracks
(Figure 11). Some of this debris was washed through the trash bars
or pushed through during the cleaning process. In turn, the trash was
cairied inteo the bypasseé in such quentities as to clog portions of
them. This clogging changes the velocity, and young migrants along _

" the louvers and neasr the bypasses are interrupted in theilr progress at
"the point of clogging. Their reaction is to swim away. By suddenly
changing their ncrmal movement there is a strong posslbility of their
being swept through the louvers. For this reascn, i1t is necessary

that the bypasses be clear of tresh &t all times. Observation has indicated
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that trash against the louvers themselvesldoes not affect the movement
of downstream ni'grant.s RIS S
Trash.Removal

The trashracks 1mmed1ately upstream from the prlmary lourer o

structure have 2-1/8-1nch clear oPenlngs and are set on & 6 to 12 slope.

‘The trash rake, deS1gned to remove debrls from the rack lacked capac1ty

b

to handle the large quantltles Wh1ch accumulated approx1mately 90%

of whmch 1s floatlng materlalo In 1958 and 1959 1t was necessary at times

!;-‘i.: N

.to supplement the rake with & dragllne. During the helght of the season,

late July and August, Water hyacinth occurred in such quantitles that o

; u ,»-,-.;-.

twenty-four hour operation of both the trash rake and the dragline was
B S LR itan e

neoessarye In the process of removal some hyac1nth and some tules Were

B

broken up and pushed through the rack durlng cleaning This fragmented
debris passed through the rack in such quantlties that the louvers and

bypasses of both the prlmary and secondary systems were sometlmes part1ally

clogged. Dally'cleanlng was often necessary,

To oorrect thlS oondltlon, the Bureau of Reclamatlon de51gned

and constructed a floatlng boom and oonveyor'(Flgure l6a) The floatlng

S I —_

boom 1s placed Just ahead of the trashraok and angled toward the conveyor

Jbelt (conveyor belt not v151ble 1n Flgure l6a) A.smooth metsl faclng |

ad

extends two feet 1nto the water facllitating movement of debrls toward
the Juncture of the boom and canal wall At thls p01nt the conveyor '

plcks up the debrls and llfts 1t 1nto g waltlng truck Not only is

‘J

debrls removal greatly slmpllfled but washlng through the trash rack

' bars 1s greatly reduced, Only'weekly or trlamonthly cleanlng of the

PR I RN

primary louvers and bypasses is requlred now rather than dally'cleanlng

as with the criginal trash rake.
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Operation of Fish Holding Tanks -

Fiéh are ¢dllected in four conerete fish holding tanks housed
under & metal shéltér (Figure 17)." Bech tark is designed to colledt
fish:until e triek lsad “has accunulated or 4o hold fish until they can
be removed. All Tour asre identlcal, measuring 20-feet in dlameter,
Witﬁ 15-1/2+foot high side walls, and with conical bottoms to assist in
f;ushing'fish out- and into the 1lifting bucket. Water from the secondary
louver bypess enters a holding tenk tangentially through a 20-inch, cast-
ireon influent pipe.

‘The fish are reteined in the holding tank by the T-Toot, 10-
i1ch diameter by 12-foot high screen thet surrounds the fish-1ift bucket
well. Thls screen consists of a cireular steel frame covered by 5-mesh-
“%C¥theainbh,'galvanized wire cloth made from 0.092~-inch dismeter wire,
which gives the wmaximum size opening and yet reteins the small fish. The
screen rests on & ‘steel seat thet surrounds the fish-1lift bucket well.
The 5o%fom of5the-screeh assembly is formed with a nine-inch steel band
with rubber gasket which retains 500 gallons of wéter in the bottom -of
the tank. To dresin this weter, which contains the fish, into the fish-
1ift bucket the screen is raised 4 inches by air cyliﬁders attached to
the "E" beam screen gupporis above the top of thé holding tenk.

Depending on the tidal stage, which can vary to an extfeme
range of 11 feet, each tank holds from 9,500 te 35,000 gallons of
water. At a water stage of +3 feet the tenk holds a total of 16,500
" gallons of which 2,500 is conteined within the cylindrical screen area

end 14,000 gallons outside) in which the fish are held.
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The capacity of the.l,OOO-gallon.tank trucks determines the
. number of fish which can be held. There is no means éf';emovilng part
of-the‘fish from.a.tank.- The number of fish that comprise a 1,000« |
gallon truck load varies with the water temperature and the size and
species;mf fish handled. -
When.fish are being collected.or held.ih a holding tank the
5‘watef is contlnuously aerated through air stones evenly dlstrlbuted on
the tank floor (Figure 18). Water temperatures for each holding tank
are shown on dial.thermometers at the control panel.‘ Temperatures
remain equal in sctive tenks, through which water is flqwing, and in
..the.channel.- In.iﬁactive-taﬁks standing with a load of fish, tempera-
tures vary With alr teﬁper&ture‘énd with the periecd of ;naction.- To
date tank temperatures have been less than channel temberatures,_probahly
'becguﬁe_of cooling at_nightﬁand_the_shade'providéd, _ |
The fﬁu; holding téﬁks should provide adequate capacity,
‘even during seasons of much greater sbundance of fish,than_invl959
when 12 million figh were collected without drowdingﬁ
.Qperatlon of Figh-1ift Bucket |
The fish lifting bucket is. h feet 6 1nches deep and 6 feet
in diameter with a dlshed bottom._ A llftlng beeam spans.the top of the
‘bucket at the center line. With a full lqad.the bucket.holds qﬁproxi-
mately 500 géllons. ‘
Figure 19 shows the cylindrical sereen in ralsed position and
a -load of fish being spilled into the ‘bucket. When the.buckgt is filled'
it is raised with an electric hoist and carried on monorail to the
tank truck (Figure 20). A hard ruﬁberAbali,.check valve in thé bottom
of the bucket is raised to empty water and fish into the tank truck.
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Fig. |7

The four holding tanks



Fig. I8

interior of a holding tank. Note influent pipe, aeration stones on
the bottom, and cylindrical water-outlet screen in center.



Fig. 19

Lift bucket receiving a collection of fish



Fig. 20

Loading a fish-hauling truck



It was necesssry to increase the slope of the bhottom bucket as originally
designed as fish were strended in the flat bottom.

Fisnh Counting Procedure

To determine when a truckload of fish has heen collected 1n
g holding tank periodic samples are taken. The samples are collected
in selected 5-to 15-minute periods once every two hours in one of the
holding tanks. A special fish~sampling bucket (Figure 21), operated the
game way 88 the fish«1lift bucket, 1s used to 1lift and transfer the figh
forrcounting and identification as to species.

If the sampling periocds were 10 minutes the estimated numbers
of fish pagsing into a holding tank over & two~hour periocd would be
12 (nunber of 1l0-minute periods within two hours) times the numbers of
fish taken in the sample. The numbere of fish accunmulating within a
tank is arrived at in this manner.

The problem originally enccuntered in this cperation wag in
holding the figh for identification end for counting without injuring
them prior to release back into & holding tank.

In the first counting séheme figh and water from the sampling
bucket were emptied into a stationsry tank. All water and figh were
gradually released through a 6-inch diameter metzl discharge nozzle at
the bottom of the tank onto a flexible, wlre-cloth conveyor belt travel-
ing on a horizontal plane, The fish were to e identified and counted
while being conveyed on the belt to a holding tank. This scheme was not
satisfactory, however, because control of the release of water from‘the
tank onto the conveyor telt was inadedquate.

Tn the second plan the contents of the sampling buckel were

discharged into a wire-cloth screen basket. The water passed through
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tﬁe screen into e large container while.the fish were re#g%ned in
the basket. The basket was then.transferred into & metal-lined box
cornteining about two inches of water. This shallow depth permitted
easyucounting,andfidentification; However, because cf the harsh
physical treatment which the‘fish‘receivéi es they were spilled Qnto_-
“the screen, a method was sought which would eliminate physical injury,

- This was achieved by taking a 55-gallon steel drum and
placing in 1t a flcating asgembly gcnsisting:of a_cyiindricél screen .
set in a metal pan to the underside of which is attached a float.
The assembly is partislly shown in Figure 21 with the upper rim of the
screen .flush against the bottom.of the sample bucket. A vglﬁe is
placed so a one-foot depth of water is reteined in the drun. By
lowering‘the-sampliﬁg bucket ontc the rim of the screen, the_éntire
floating asseﬁbly is.forcéd to the bottom of the dfum. 'As the bucket
is emptiéd into the drum the floating assembly rises rétaining:thé.
fish in the pan. The screen is then removed and the fish dipped cut of
‘the pan, identified, counted;. and returned to a holding_taﬁk.
Cperation of Fish Hauling,Trucks‘-

. Two l,OOO-galion'tank trucks are used_for.transpgfting_fish

(Figure 22).. .Each truckﬁis équipped with e dial thérmometer,‘circu-

lating pump, refrigeraticn, and aeration. Two tubuler zir stones rUn-

/;;

ning-the.full'length of the tenk are positidned near the bottom, one
at either side of the tank.

Studies were made to determine aeration, refrigeyétiqn,-and.
" water circulation requirements and %o determine the relationship of
these conditions to temperafure and number of fish. The findings of

these studies are shown in Figure 23.
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Fig. 21

Sampling bucket and counting basket




Fig. 22

Truck discharging load of fish
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Fig. 23
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Table 9 shows physical condlitions that were found satisfactory
for trucking mixed loeds of fish approximately two inchés in length and
held in the trﬁéks less than two hours. With aeration supplied at the
rate cf at least 15 pounds per square inch no difficulty was encountered
in‘providing an adequete supply of oxygen.

Tables 10A to ldF show the total numbers of fish of different
size classes and species wﬁich can be safely in a load at given water
temperatures. The approximate percentage of & truck load contained in =
holding tank at any given time for the range of water temperatures
anticipeted can be quickly determined from these tables. To use these
takles assume, for example, that the total numbers by species computed
for a holding tank at 75° F. at a given time of day in July to be 16,000
striped base and 12,000 white catfish, & total of 28,000 fish of size
class "A", and 1,100 shad of size class "C". To find the percentage of
a full truck load being held within a holding tank, first trece down the
vertical column of Table 10A headed 30,000 (The closest figure to 28,000)
to its intefsection with the column on the 75° line. The figure at this
point is 46 percent. Next, using Table 10C determine the percentage of
a total truck losd represented by the 1,100 class "C" fish in the holding
tank, This figure is 16 percent. Therefore, the 28,000 class "A" fish
and the 1,100 fish in‘class "C" represent 46 plus 16 percent of the tank
truck load or 62 percent of the‘capacity. Additional fish may e
collected to meke up & full load 1f this can be accomplished within =

reasonable time. Usually fish should be hauled st least once a day.
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Table 9 --Truck Water Temperature, ;gygen Content, and Aeration*

Numbers"“
Aeration - - - of-Fish
(p s.1. )

~July 16 1300 ll )
ll 38,124
11 - AL
11
R S AU
1 -

> TO
kS
.'?Fq
=3

Dagte-- - Time - " Temp.
(1958) 7
73

‘@
no

1330 70
1345 .. 70>
1400 70
T 1h15 69
1430 69
25 0829 T 16,754
ST 0903 s TR e S
0928, T2
0937 = TOw...

s O
k25 75

-

DEW WO ®  E0 WO
[_l
\n

- 8s- ;cx'hQ?Tag;“

29 - 1122 = 76 20 . 15,146
116 . 76

P 151 S ¢ S
1046 7L

- T
QO oW O

N

(a]

Aug. 1 1030 78 40,143
e 1ok Lo 78 o
. 1165 7
o133 7T
1205 76

VT FVIVI D VOV v 3 FWU o v oy oy
TN W oD

w

]

‘% Fish avereging approximately two inches in length were loaded into.
truck at times shown. Trucklng time ranged from one to one and

three-Tourth hours
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Pable 10A.~-Percentage of a Truck Load of Fish in a Holding Tank at Given Temperatures®

Size Class A {Filsh under 1.5 inches in length)

Water Thousands of Fish
Temps, 10 15 20 25 30 35 40 45 50 55 6o 65 70 75 80 85 90 95 100 105 110 115 120
’ {percent of load)

(er.)

8o 25 37 50 62 75 87 100

79 22 33 M4 55 66 77 88 100

78 20 30 40 50 60 70 Bo 90 100 :

T7 18 27 36 45 54 63 g2 81 90 100

76 17 25 33 42 50 58 67 75 83 92 100

75 15 23 31 38 46 54 62 69 7 B 92 100

Th b 22 25 36 43 51 58 &5 J2 B0 8F o4 100 .

T3 it 21 27 34 k1 48 55 62 68 75 B2 89 96 100

72 13 19 26 32 39 45 52 58 65 71 78 8 91 97 100

71 12 19 25 31 37 43 49 55 62 68 74 Bo B6 93 99 100

70 12 18 =24 29 35 41 47 53 59 65 T1L 776 82 88 o4 100

69 13 17 22 28 34 39 45 51 56 62 67 53 79 84 g0 g6 100

68 11 16 22 27 32 38 43 48 5% 59 65 7o 75 81 8 91 97 100

67 10 15 21 26 31 36 Y1 46 52 57 62 67 T2 77T B2 88 93 98 100

66 10 15 20 25 30 35 4o 45 50 54 K59 64 69 74 79 Br B89 94 g9

65 - 10 14 19 24 29 33 38 43 48 52 57 62 67 71 76 BL 86 90 95 100

6l 9 1% 19 23 28 32 37 42 46 51 56 60 65 69 T+ 79 83 83 95 97 100
63 9 14 18 23 27 32 36 M1 45 50 54 59 63 68 72 77 81 86 90 95 100
62 8 13 17 22 26 30 35 39 43 48 55 57 61 65 70 75 78 83 87 92 98
61 8 12 17 21 26 29 34 38 42 4y 51 55 59 64 68 73 77 81 85 B9 94t 100
60 8 12 16 20 25 29 33 37y W1 45 50 s 58 62 66 71 75 79 83 87 9@ 98 100

* Determined from known numbers,



~Table 10B.-~-Percentage of a Truck Load of Fish in a Holding Tark at Given Temperatures

Size Class B (Fish between 1.5 and 2.5 inches in length)

Water : B : H lThousands of Fish

Temps. 10 15 20 25 30 35 40 U5 50 55 60 65 70 75 80 8 90
S {(percent of load) = . -

(5.)

80 '~ 29 43 57 7I 86 100

79 - 26 39 5% 65 79 9z 100 -

78 24 36~ %9 60 73 85 97 100

7 23 35 47 58 69 81 93 100

76 "2l 33 43 s4 65 76 86 97 100

75 20 31 Lo 5 6 71 82 9L 100

T 19 -29° 38 8 58 67 77 86 96

73 18° 27 36 45 B4 6% 72 81 g0 100

72 17 25 34 W3 51 60 68 77 86 94

7 16 24 32 40 48 56 64 72 80 88 96

70 15 23 30 38 U6 53 61 69 76 84 92 100

69 1% 22 29 36 4% 51 58 66 73 80 88 95

68 - - 21 28 55 W2 L9 856 63 fO 77 B4 91 g8

67 15 20 27 34 41 4y 54 6 68 5 8 89 095

66 13 19 26 32 39 Wb 52 59 65 72 18 B85 92 38

65 12.- 18 25, 31 37 -#4% 50 .56 63.. 69. 75 Ba 88, 94 100 o
64 12 18 24 30 37 4% 49 55 61 67 7 8o 86 92 98

6% - 12- 18- 24 -30 - 36 Lz 4B .54 60 66 -2 78 B4 90 96 :
62 11 17 23 29 34 ho 46 52 58 63 69 75 81 &7 93 99
61 11 17 =22 28 327 39 45" 51 56 62 68 73 79 85 90 97

60 11 16 22 27. 33 .38 44 50 ..55. 61 66 -72 77 83 88 93 100
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Table 10C.--Percentage of a Truek Load Determined From EKnown Numbers of Fish

in a Eolding Tank

Size Class C {Pish Between 2.5 and 4.5 Inches in Length)

Water Thousands of Flsh

Temps, 1 2 3 4 5 6 7 8 9 10 11 12
{percent of load)

{°F.}

80 25 50 75 100

T9 22 45 6B 90

78 20 41 62 83

77 19 38 57 76 96

76 17 35 53 71 89

75 16 33 50 66 83 100

T4 15 31 46 62 T8 93

73 X 29 k4 58 73 88

72 13 27 41 55 69 83 097

71 13 26 39 52 65 78 g2

70 12 25 37 50 62 75 87 100

69 11 23 35 47 59 71 83 95

68 11 22 3% 45 56 68 79 90

67 10 21 32 43 54 65 T6 86 97

66 10 20 31 42 52 62 T2 B3 93

65 10 20 30 4o 50 60 F0 B0 90 100

6l 9 19 28 38 48 57 67 76 B8B6 g6

63 g 18 27 37 u46 55 64 T4 B3 92

62 8 17 26 35 44 53 62 T1 80 89 98

61 B8 17 25 34 43 551 60 68 77 B6 g4

60 B 16 25 33 41 50 58 66 75 83 91 100
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Tahle 10D.--Percentage of a Truck Lnad~ofoish In a Holding Tank at-Glven Temperatures.. - .-.

Size Ciass D (Fish over 4.5 inches in length)

Water . ) T ' Thousands of Fish
Temps. 0.5. 1.0 I.5 2.0 2.5 3.0 3.5 40 4.5 50 55 . 6.0 65 7.0

{percent. of load)

(°F.) . T

80 - 25 .50 _75. 100

79 2 W3 65 86

78 20 Lo 60 80 100

77 ‘17 3% 5% 71 . 89 .

76 16 32 48 64 B0 96

75 15 30 45 w60 T 75 90 _

™ o w28 42 o557 .q1 . .85 100

73 13 26 39 .52 65 7B 92

72 R B 25 37 50 - 62 75 87 100

71 11 23 .34 4 - 58 69  BL 93

70 S 22 33 hu 55 66 77 - 88 100

69 10 20, -31 .4 52 62 72 83. 93

68 C 10 20 ‘30 -Lo 50 60 70 80 90 100

67 g 18 28 37 7 56 66 75 8u gh

66 9 18 27 . 36 46 sk 63 72 81 90 100

65 -8 - 17 26 B4 43 - 51 - 60 - 68 77 --86 . o4k .

B 8 16 25 33 41 50 58 66 75 83 91 100

63 . T 15 .23 .3k . 39 47. 55 63 7L 79 87 .95 ... .
62 T 15 23 30 3B 4e . 53 61 69 76 8i 92 100
61 7T 1 22 29 .36 44 527 58 66 73 8o 88 95
60 7

1 21 28 35 42 50 57 64 7L T8 85 g2 100
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Table I0E.--Percentage of a Truck Icad Determined From Known Numbers of Fish

in a Heolding Tank at Given Temperatures

Size Class E (King Salmon Between 1.5 and 3.0 Inches in Length}

Water Dhousands of Fish

Temps. 5. 10 15 20 25 30 35 Lo 45 50 55 60
{percent of load)

{°F.)

70 13 27 W 55 69 83 97

69 13 27 Lo sS4 67 BL 94

68 12 25 38 851 64 76 89

67 12 25 37 50 62 75 87 100

66 11 25 35 4y 59 71 8 95

65 11 23 3& 46 58 69 81 93

6l 11 22 3% 45 56 68 79 90

63 10 22 32 43 54 65 76 86 97

62 10 21 31 42 53 63 T4 85 g5

61 10 20 30 L4 51 61 Ti B8l o1

60 10 20 30 40 50 60 TF0 80 90 100

59 9 19 29 39 &y 58 68 78 B8 98

58 9 19 28 38 48 w57 67 76 B6 96

57 g 18 28 37 Ly 56 66 75 8¢ o4

56 9 18 27 37 46 55 64 T4 83 92

55 9 18 27 36 45 54 63 T2 B1 g0 100

54 8 317 26 35 4+ 5% 62 71 Bo 89 98

53 8 17 =26 35 43 52 61 T0 78 87 96

52 8 17 =25 34 43 51 60 68 77 86 o4

51 8 16 @25 33 42 50 59 67 76 84 93

50 8 16 25 33 41 50 58 - 66 75 83 91 100
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. Mable 10F,--Percentage of a Truck Load of Fish in a Hoidipg Tank at Given Temperatures

Size Glass F (King Salmbn over 3 inches in length}

Water : ; - ) ' - "* Thousands of Fish _
Temps., - 1 2 3 b 5 6 7° B - 9 16 11 12 "13 14 15

[perceﬁ# of load)

(°F.} : ' : '

70 11 22 33 44 55 66 77 88- 100

69 10 21 B2 45 53 64 75 - B6 96

68 10 20 310 41 52 62 T2 B85 93

67 10 20 30 4o 500 66 70 80 90

66 "9 19 297 39 49 58 "68' 78 88 98

65 9 19 28 38 4y- 57 - 66 76 85.. 95

64 9" 18 27 37 46 55 -64 - 7% B3 92 .

63 9 18 27 36 45 54 63 T2 8L 90 99

62 8 17 26 35 43 s52 61 70 78 87 96

61 8- 17 25 34 42 510 59 68 76 8 o4

60 8 16 25 33 kW1 50 58 66 75 83 91 100

59 8 16 24 32 %0 48 56 65 73 8 89 o7

58 - 7 15 25 31 39 47 55 63 71 79 87 .95

57 7 15 23 31 .38 46 5% 62 69. 77 8 |93

56.. .- .7 15 22 ..30 37. 45 53 60 68- 75 8 90 98 -
55 - 7 1 22 29 37 44 51- 59 66 T4+ BL 8B 96

5l .7 ..a+ 21 28 36 M43 50757 65 72 79 .86 4 L
53 7. 14 2r 28 35 42 49 56 63 70 78 B85 .92 99

52 6 .13 20 27 3. W1 8 55 62 69: 76 - B3-90° 9T

51 6 13 20 27 . 3%. o W7 .5k 61 . 68 .74 . BL 88 95

50 .6 13 .20 26 33 "h0 46 53 60 66 73 B0 86 93 100




CHAPTER VI

MORTALTTY IN THE TRACY FISH COLLECTING SYSTEM

Obsgervations of Fish Mortality

| Extensive fish ﬁortality was cbeerved at the Tracy Pilot
Fish Screen Structure with fish collected by traveling screens (ibid.,
1957, p. 31). The questicn of mortality in the prototype wes raised
in & Bureau of Reclamastion hydrsulic leboratory repert which saild:
"Tt is reasonable to assume that utilization cof the louver principle
whereby the fish do not come in contact with traveling screeng may
resu;t in lower mortality, but it is not known 1f any advantage Iin
mertality is realistic as facilities did unot exist to perform similar
studies in connection with the louver installation duriﬂg a comparable
period when the striped bass were very small.”é/ £dditionally, dead
figh had been observed floating when unlosding a tank truck. DBecause
of this observation and the uncertainty expressed in the laboratory
feport it was decided to check on the extent of meriality within the
entire collecting system and a2lsp in truck transportation. In meking
this determination the trash rack, the primary louver structure, the
secondary channel with its two lines of louvers, and the four concrete
holding tenks were ccnsidered as censtltuting the ccllecting system.

Fish wortality due to turbulence in the seconrndary system,

it will be recalled, i1s ccnsidered in Chapter III.

é/ Field end Leboratory Tests to Develop the Design of a Fish Screen
Structure, Delte-Mendota Cenal Headworks, Central Valley Project,
California, Hydraulic laboratory Report No. Hyd-40l, Bureau of
Reclamaticn, p. 10.
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‘Mbrtality Test Procedurs

The l&teness of the 1958 pumping: season, wh:nch diéd not begin
until July 1, precluded any tests with king salmeon. Suitable numbers
of migrant striped bass wers available, however, along With channel
ca$fleh, shad and other epe01es in ﬁhe Saeramento~8an Joaquln River
System’ R N . oo ‘ e : .

The number of mortality tests Whleh could be eonducted de-
pended first upon when sufficient nuﬂbers of strlped bass beeame'
avallable and later upon shortened eollecnlng perlods Whlle the traeh
rack and.lon;er struetures were heing cleaned o ”

For convenience;lthe live-tanks into which test fish were
released ﬁéré placed Withln the Tracy inteke canal rather than at the
: usual release sitee near the confluence of the Sacramento and San
Joaqnin Rivers where the much higher salinlty and cooler'water were.
con51dered beneflelal for the recovery of exhausted flsh. Therefore.
the morfallty dbserved at the facllltles may have actually been higher
than normally occurs. ) | T o

| ' Flsh were colleeted in & holdlng tank and held for a pre-un
determlned perlodn Upon eompletlon of the holdlng period they were
loaded into a tank truek and transported to the llve-tank Where dead |
flsh were counted° Because they obv1ouely eould not be separated
the count-lncluded those dead from natural or extrinsic causes a8 well
as those which died somewhere in and because of the eolleetlng syetemﬂ
During the time that test fish were in a holding bank qxﬁgen
wae provided by passing air threuéh the'diffnser StORes : Aﬁlﬁhe'end-of
a holdlng period, the tank'was drained and the test flsh Were flqshed

into & 320~gallon 1ift bucket and placed in & tank truckt The tqtal
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number of fish used in each test was estimated from sample counts taken
during the collecting period. Mortalitj was then éalculated as the

percent dead at the time of observation.

Collecticn, Holding, and Trensportation of Test Figh

One of the four concrete holding tanks was used to collect
fish for testing purposes. Once every hour or two hours during - thé
collection period influent.water was diverted into another helding tank
where a 5- or 10-minute semple was collected for éounting. To avold
influencing the mortality dete these fish were‘nét returned.to the
helding tank es it was considered that gome wight die through their.
having heen handled.

To simulate operating conditions the test fish were hauled
in the Speciél heuling trucks for 1.5 hours. The trucks were aleo used
to carry fish directly from a holding tank to a live-tank for counting.
To losd a tank ftruck it wes partially filled‘with'river water befcre
dumping fisgh into it. 'The water in the truck was refrigerated, aera@ed,
and. recirculated during the l.5-hour period that fish were being
transperted. However, only the smeration unit was in operation during
‘the short time when Tish were being trensferred from a holding tenk
to & live~tank. TFish were released from the tank truck into a live-
tank through a 12-inch diameter, 20-foot aluminum tube.

Measuring Mortality by Use of Live-Tanks

The “wo 1,500-gallon live-tanks to hold test fish for obser-
vation of mortality‘were lopcated at the facility. Each tank waes supported
in a wooden raft which was provided with an overhead chain holst to 1ift¥
the tank out of the water. OCne of the tanks wes placed above the primary

louvers to facllitate immediate enumeration of the dead fish.
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A syec’ial-"ﬁlodifi_ed.live-eta.nl?’.(ﬂigure 2h) was designed to. ,
fecilitate ;S.epa_sr&‘f;_-i.uon'of, dead. figh from a large number of liverones..
In ‘this tank & chennel was cons,trupt-ed by plecing WO plywog@ walls
diegonelly across the inside:. Both ends of the constructed chamel
thus  constructed were: c:bvered with ;0.1-inch mesh wire with. the ‘head ]
sereen easily. removable. .« oo st 0 L Lo T :
In use-.test fish _:wefe: relessed into this live-tank with the
removeble screen fll"ml.‘)fln prace. ~The tank was then positioned up- .
stream‘.t.o .allow at least one foot per second flow to pass _thz_-.ough_, the
cons”c;ructed- channel. After 15 minutes the. head screen was removed
which allowed live fish to swim out. The dead fish were recovered .
from the. sta‘bionar.y'back screen while the. tank was raised. ‘In the
~afterbay iivea-‘ta.n;:,‘ which wes & conVenfiiona.l one, desd fish were re-
covered By dipping out both live and dead fish-directly from the.
tank as 1t wes raised.. -
,l ' The loing'g::st period that fish were held in a live-tank -.wg.s‘ o
2 hoursr."': T-'.ﬁe"-'-.ﬁo‘ba.il_’: observed. mortality was low even _thdugh the live-.
tank wds inad*verténtlj‘overloaded (Table :11)“ The h:.':gh.er mortality
f'oi*-s't'ripe'd bass may have been due tc the overcrowding within the -
live-tank in-the primary afterbay. The tank truck was carrying less
tha'n-'its c_apacity,- therefore, it seemed unlikely that the morfality.
inecrease was a result of confinement in a Lfruck. .
' Ex‘t{é'x‘i'sioni‘ of the holding period -in = holding tank to four
deys apperently haed no effect upon striped: .'bass-'morfbaiity; in fa.cA'b,
" the observed mortellty. for 4 days happened to be lower than for 24 .

hours (Table 12), - -



Modified

live-tank used in mortality studies- 1958

Fig.

24



The series of tests recorded in Table 13 show the accumulation
of dead figh at the end of the various holding periods. Dead fish were
recovered in each of the 12 tests in the special live-tank. Fish which
had been trucked for 1.5 hours were retained in this live-tank 6 hours
for ohservation before the dead fish were recovered and counted.

Mortality epparently increased with the length of time that
gtriped bess were held. The differences in slze of striped bass and
white catfisgh mesy asccount for the increased mortality in the l2-hour
holding tank period. The observed mortelity of shad is included for
completeness of the recorded dsta. Irrespective of how young shed
were when collected and held, no method was found for avolding a sig-
nificantly higher wortality in this species.

In summary, there appears to be a low rate of mortallity -

among fish collected in the Tracy louver system.
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Teble 1l.--Mortality of Fish Held One Dey in a Iive-Temk*

Striped Basgs - " White Cétfiéh .Other -~
(l inen in 1ength) (l ineh in length) Species¥**. Totals
Total number 72% - 59&. | _‘19&>” 'w;mé
Nugber dead o %oo"” N
Pexcent dead 5.5 - 1o . 30 " 3.h

% All fish collected for a period of 6 hours, held & hours in e
holdlng tank and 1.5 hours in =& tank Truck.

*¥% Mbstly 3 inch Sacramento blackflsh (Orthodon mlcrolepldotus)

:6u”



Teble 12,--Mortelity of Fish Held Four Days in a Holding Tank*

Striped Base White Catfish
(under 1 inch (under 1 inch  Cther
in length) in length) . Species** Totals
Total number 4,139 25,013 8,972 38,124
Number dead 150 1,346 288 1,784

Percent dead 3.6 5.4 3.2 .7

* All figh collected for a period of 15 hours and held 1.5 hours in a
" tank truck.s

*#¥% Mostly 2-1inch Bacramento blackfish and carp.
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Teble 13.==Mortality of Fish Held in a Holding Tank and in s Tank Truck#*

“Goliected into holding tank only (Totals of L tests)

Striped Base | . White Catfish' 1
{15 inches [ won' (2 inches i . -Other
2+ dnlength) .+ ' in length) . . Species®** Totals

Total hurber L 73,366 ST 3,657 b 132@2 o 48;255“
Numbéfj&ead S 36 B 13 . kg tm;:98f¥-
Percent dead .- 1.1 .- . 0.4 . L1 i Li27

Collected into holding tank end held for 12 hours (Totals of L tests)

ol ineh oo .7 wleBedineh oo Lo |
Total number 8,085 | 7,083 1,260  16?368
Numﬁer dead a l6fd . .181 B ”330 - ..678\
Perceﬁ% dead . 2.1 _ | 2.6 26.2 4,1

Collected into holding tank and held for 12 hours, then
1.5 hours in tank truck {Totals of U4 tests)

1.5 inch 2,5 inch
Total number 3,55k | 6,402 1,4b0  11,L86
Number deed | 45 55 . Ol 194
Percent dead 1.3 0.8 6.5- 1.7

#  All fish collected during & 2-hour period.

*¥  Mpatly 3-inch shad.
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CHAPTER VII

FINCINGS AND RECOMMENDATTIONS

Findings

Based on tests in both the primary end secondary louvers, it
seems gafe to say that although collection efficiency at Tracy ranged
Trom 65%Ito 100%, depending on the species end size of fish and the
veloqfty.of flow, it will exceed 90% most of the time, particularly
nov that debris removal has been improved and assuming turbulence in
the secoﬁdéry sjetem'will be decreased. The lower efficiency. occurred
with young catfish under cne inch in length, and king sslmon finger-
linge duriﬁg daytime périods when the approach velocity is 1.5 feet
FEr sécbnd or less. Efficiences under these two conditions ranged
from 65;6 to 85.8 and 87.8 to 89.2 percent, respectively. These latter
efficiénéiés are considered tolerable for king salmon which move least
in daylight hours. The loss of small catfish, though greater, should
sﬁill‘be less‘than‘EB% most of the time.

o Tﬁe asscclated fecilities, withxthe exception of the point of
primary bypass discharge into the secondary, the sampling equipment for
counting, and. the trzsh rack, operated sstisfactorily. A boom to de-
flect héavy trash ffoﬁ the tresh rack was &ompleted in the summer of
1960 (Figure 16a) to alleviate the trash problem and sampling equipment
for counting fish was'developed as described in Chepter V under "Fish
Counting Procedures."” A temporsery installation (Figure 8) in the
secondar& eystém has-?educed turbulence whiéﬁ caused holdup and loss

of fish. Permsnent mcdifications to alleviete the turbulence problem
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remalin to_be designed and constructed. Otherwise, the deflection of
figh through the system and their_collection, hauling and ultimate

release was accomplished without undue dietnrbence'Or injury to the fish.

Recommendations

On the ba51s of the flndlngs outllned in thls report, it is
recommended that
1. The flsh fac111t1es 'be operated whenever 51gn1flcant num‘oers o:E' flsh
need prpteetronr_ ThlS should be determlned by‘the Callfornla Department
of Fisn end @eme.,
2. ngrétien ef_theiprimary and secondary.facilities provide a bypass -
to apprpepnuvelocity ratio of l.2 te 1.0 feet per secnnd with.tne_
exceptiqn,thet_dnring the”periqd_when_striped bass or-chenneljcatfrEh )
range.in”;engthAfromsqne—third to one and one-helf inchee, e bypese tp.:_:
apprqecn‘ve;ocity retio pf L:F to leO he maintained Wneneyer_ feaerpdelqa
It is recognized”tnet_tnere will be periods when tidel hEiéht,aﬁﬂ‘Pﬁﬁﬁdp'
_capac:.t‘y' Wlll req_u:[.re dropplng 't:o the l 2 to l v ratlo
3. The prlmary and. secondary louvers and bypaeees be examined frequently
and keptdelean_at all_tlmee to mlnlmlze_flsh loss. Cleenlng ehould be
accompl;shed_(a) duringldaytime and‘ebn tide_so'fariae;practicel, and
(o) immediately fnlicwing tresn.removalrfrom the treshrackr Alee,-a
deily check should-be wmede to determine whether or not the_bypasées are
clear of obstructions. _ 7 : | _. |
L. A check ehould be made perlodically, perhaps by electrlc shocklng,
to determine tne:extent, if'anyp_of'predation existing within the entranqes.
to thefpr;mgry p?paeses} th%slbeing thepoint where young fish wonld be

mpst vulnerable. ' = |

68



5. Permanent modifications be made in the secondary for reducing the

discharge turbulence of the primery bypasses.

€. Two lines of louvers be used in the seccndary system.

7. Screened water be used at 211 times with a flow 1.6 times the active

holding tank flow.

8. Holding tanks be operated as follows:

2.

Pill tank to be activated by beckflow through the sump

befcre inactivating the tank in use. Thie applies to Toth
regular and sample count collectlons.

Drain only the last 500 gallons of water and fish Into the
hauling bhucket at rates and in a manner that leaves the

least number of fish and greatest amount of sediment on the
floor of the tenk,

When sediment on the tank floor is winimal, flush stranded
fish from the helding tank into the hauling bucket by the
momentary release of water from the influent pipe. When it 1s
congidered that the amount of sediment on the tank floer would
be damaging tc fish were it to he carried intc the tank truck,
the lifting bucket should be raised to remove the fish before
flushing out sediment.

Activate & tank immediately hefore inactivating the tank in
use., Thig applied to both reguler snd semple count collections.
Hold fish in numbers according to size and species considering
water temperature {Tables 10A to I1CF)}. Trucking should be
accomplished at least once & day.

Aerate weter continuously during entire period of holding fish.
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9.

lO L]

Make zample counts for estimating the total numbers ¢f fish collected

ag follows:

B

Make bichourly edllections of ten minutes when the antieipated

- totel numbers of Ffish o be. counted ig under 200.

Make bi-hourly eollections of five minutes when the anticipated

total number of fish to be counted is over 200.

Tn faking counts employ safpling equipmént described in:Chapber

¥ which provides thet fish and water from the sampling bucket

will falil into at least 12 inches of water.

" In counting enumerate the différent. gpecies as specifled by

~the Gallfornla Department of Fish end Game,

Operste tank truck sg Ffollows:

& .

e

Previous to loading

(1) Put 500 gellons of water in the tank.

- (2) Start serstion; cireulation,and. refrigeration’equipment

“with seration set at & maximm aiid refrigeration as required.

Trucking and reléase

(1) Be sure that water temperaturé in the truck is from O o

5 degrees Fi lower than the tank water at losding.

(2) Continue maximum aerstion until unloeding.

(3) Usé minimum time from loading the hauling bucket to un-

léeding the truck at the release site.

(L) Flush tank truck after initisl tank dischirge at the release

" gite to remove all fish.
(5) Fmploy in sequence at least six different release sites to
" insure ‘that maximum time is available for dispersioh of

fish from each site.
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APPENDIX A

Memecrandum of Agreement Between the
Bureauw of Reclamation and the U. S.

Fish and Wildlife Service



UNITED STATES
DEPARTMENT OF THE INTERICR
BUREAU CF RECLAMATION

: MEMORANDUM OF AGREEMENT BETWEEN THE
BUREAU OF RECLAMATION AND THE U, 8. FISH AND WILDLIFE SERVICE

Perteining to Evaluvation of the Efficiency and Effectiveness of the
Tracy Fish Ccllection Facility, Central Valley Project, California.
WHEREAS, the Bureau of Reélamation, hereinafter referred
to s the Buresu, haes constructed the Tracy Fish Collection
Facility to divert and collect fish from the intake channel to
Tracy Pumping Plant; and
WHEREAS, the said Fish Collection Facility employs
unique design principles which should be tested, appraised, and
evaluated to establish operating criteria, and
WIEREAS, the U. 8. Fish and Wildlife Service, hereinafter
referred to as the Service, has participated in the Development
of the design principles used and is beet gquelified by functicn
to test, appraise and evaluate their bioclogical aspects.

NOW, therefore, the Bureau and the éervice, sub Ject to

approval by the Secretary, do hereby mutually agree zas fﬁllows:

1. A Joint prcgrsm of testing, appraizal, and evaluatlon
will be established as s necessary part of completicn and
proﬁer operation of the Tracy Fish Collection Facility.

2. The Bureau will advance construction funds te the
Service, pursuant tc the program, said advance not to
exceed $30,000. Funds unexpended for the purposes herein

provided shell be returned to the Bureau.



3. The Service shall meke available competent personnel to

super#iEe end perform'the biological phases of the progrem as Jolntly

.adopted, the total program to be appurtenant to the operation and

meintenence of the Tracy Fish Collection'Faciiity by the Bureau
through the Chlef Treey Operatlone Fleld Branch

h, & JDlnt monthly progress report sghall be prepared oy the
ﬁuneau.end the Servmce‘coverlng both the mechanical and biologlcal

phases of the program and copiee of said report'shall be supplied to

"the California Department of Fieh end_Gamea A final joinf feport'

covering the procedures, anslyses, and findings of the entire test-

ing, appreieel ‘and evaluation program shall also be prepefed°

_5. Office space, stenographic service, supplies, and equipment
es needed will be furnished to SerVLce personnel by the Bureeu.

6. Expend.ituree made 'by the Service will e repor‘bed to the

Bureeu at the end of each celender quarter,

Thie agreement shall be effectlve as of January 15, 1957, end ehall

continue until February 1, 1959

BURFAU OF RECLAMATION

By /s/ A. N. Murray
Acting Regional Director

U.-S. FISE AND WIIDLIFE SERVICE

By _/s/ Paul T. Quick
Acting Regional Dlrector

APPROVED: 3/19/57"

/s/ Hatfield Chilson -

I
'

“Acting Secretary of the Interior



APPENDIX B

Test Outline Form TO-80
and
Tegt Results Form TCO-8L



T0-80 (k-57)

Buresu of Reclamaticn

TRACY OFERATIONS FIELD BRANCH
TRACY FISH COLIECTING FACILITY

/;'. =

TEST QUILINE
Date, ‘ , Qutline Code Tést No.
Date of Test ‘ Time From To
Objective:
Equipment:
!
-Method:
Perscnnel:
Submritted

Approved._




Pl

T0-81 (4-57)

Buresu of Reclamation

TRACY OPERATIONS FIEID BRANCH
TRACY FISH COLLECTING FACILITY

TEST RESULTS

Date Outline Code Test Noe .

Variations from teet outline:

Resulta:

Evaluetion:

Fishery Biologist



APPENDIX C

QUTLINE ' CF COBJECTIVES AND METHODS
FOR TESTING TRACY FISH FACILITY

Suggested by the Biometrics Unit

Bureau of Commercizl Figheries

U. 8. Figh and Wildlife Bervice
Seattle, Washington

1958



CUTLINE OF OBJECTIVES AND METHODS FOR TESTING
TRACY FISH COLLECTING FACILITY
1958

OBJECTIVES: Tracy Testing Program

I. Evaluate the efficlency of the fish facility's components, including:
A. The primery collection system (denoted by PCS)
B. The gecondary collection systen
C. Holding tenks, rotary screen, fish buckets, tank trucks, and
cther fish handling devices' |
II. Evaluate the effects of the facility with regard to:
-A. Predaticn
B. Blocking or delay or migrants
C. Other factors which might be included
ITT. 'Deterﬁine that method of releasing the fish into'the river system
which brovides the best survival‘conditions, glving due regard to
" time of release, point of release, numbers released et a given
time, digpereion of fish, etc.
Iv. Establish standerd operating procedures for the faclility, based on:
A. Results of studier carried out under I above
B. Studies of handling techniques, methods of enumerétion,

recording methods, etc.



METHEODS:  ObJectlve I-=A
I. Efficiency of the Primary‘dﬁilecﬁibn Sygfem'
A. *Definltion of efficiency: |

"Thén Eg

The efficiency of the priﬁary collection syétém {PCs) ié

defined as the‘proportign'(E) of a group of N fish which

‘is puccesgfully dlverted into the secondary collectidn

syétem,

Msthemgtical‘exg;essiong'fpr efficiency:

Using the following notatigp; phree exprgssions‘for E can
be ritten: o

let N = ﬁuﬂber of fish subjectgd tc PCS during the time
interval i, R = Number of fish successfully aiverted during

time interval 1,.and S = Number of fish not dive:ted‘during

. time interval 1.,

By

EC”=‘
N,'R,'gﬁd'S“mhsf“be'EStiméted'ffom'sdms'sampling program.
For the‘@rééent, let us denote samplé catch date as follows:

= catch above PCS

Q
—
|

= cateh below PCS

Q
no
]

= catch in bypasses

2
w
1



Let Ky (1 = 1, 2, 3) represent a factor which will make C1, Cps
or 03 an estimate of the total numbers passing o particular
sampling location during a given time interval. For example,
the product Ky Cp is en estimate of S. Then from equation (1)

three estimates of B are avallable~-sny two of which are

independent :

A
EA=1—K.202
chl
K Cy

/\—
Eg = K3 C3
KC+KC
2’2" "33

These will be referred to as formulze A, B, and C.

Agsumptions involved 1n estimating efficiency:

The utility of any of the three estimates will depend upon
the guantities K; and what assumptions can be made about them.
Bach of the factors K3 and Kp can be looked upon as the
product of two components: (1) f, the fraction of expected
catch actuzlly taken~<f being a measure of net efficiency,

and (2) r, the expected sampling ratio agsuming f to be equal
40 cne. K3 would be composed of just the second component,

r, since the bypass nets strain the entire flow.



If the # éﬁmﬁbnéﬁﬁé*ﬁf Ki ‘and Kp can be assumed to e

équal, tien the fatib_Ké/Ki can be evaluated from knowl=

edge of the‘distribgﬁibn of the fish-=thus ﬁermitting'the
calculation of/ﬁk. In crder to use/ﬁg or(ﬁ};to.estimate-
the”efficiency of the PCS, it 15 necessary to (1) sssume

f to be eqﬁal to one or (2) evaluste f.

| In usingfﬁh or;ﬁ% a8 estimates of efficiency, it is
ggsumed that durlng the sampling pefioi all fish moving

down (estimates by KqCi)elther: (1) pass through the PCS,

or (2) are diverted into the bypasses. In practice, there
might ﬁe e third alternetive: the Fish do not make a

cholce during the sampling period, This would be &

“holding up" of the fish, in which event;;ﬁ} would over-
estimate'the'effigiency'éndiﬁ% would -underestimate ‘the
effidiency;"In-this‘case;'onlyJﬁé would give an unbiased.
 estimate, provided*that-nét efficiency is evaluated.

Use cof Formulas A, B, and C.

At preseht.it‘iszplénned to use4§R to estimate the efficilency
' of the PCS'and to letfﬁg and/br’ﬁé provide a check on -

thet estimate.



-

Collection of informeticn concerning esssumptions involved 'in
Formulas B and C.

Because the accuracy and utility of formulas B and C
depend upon the efficiency of a sampling unit, it is proposed
that certain ;nformation be collected concerning this item.
Such information might be taken from (1) a leboratory study
in which controlled rwmbers of fish are released in channels
of varying area and are recovered by nets of the type used
at Tracy, (2) a comparison of sarple catch data behind a
louver section of the PCS under two conditions: louver section
in place and louver secticn raised, (3) analysis of discrepancies
between formulas A4, B, and C, and (4) marking and recovery
experiments.

Background for experimental design.

The foregoing has been aimed at evalusting the efficiency of
the PCS under a glven set of conditions. If efficiency is
dependent upon certain envircnmental factors (ea g., water
velocity, ete.), it is not realistic to attempt estimates.
without specifying those factors in control at the time.

This dinvolves a consideration of the principies of experimental

design which is taken up in section IV.



II.

Sempling procedures for obtaining data needed to estinmate

efficiency: TFormuls A.

A,

Definition of a sampling unit.
A sawpling unit is one fyke net of the following specifi-
cations: 3; x 3' at the wmouth, approximately 10 to 12 feetd
lpng, one mesh size to be used between March and mid-June
and anothgr mesh size to be used aftefrmid=June,
Duration.of a sampling period.
The duration of & sampling period will be 27 minutes unless
observations indiﬁéte that soﬁe other period of time Woﬁld
ke more efficient and practical.
NgMber of sampling units to be.used per sampling period
for obtainiﬁg estimates of efficiency. |

Untll sampling data iﬁdicate ctherwlise, nine nets will
te used to sample a cross-sectional area above the PCS, and
nine nets will be used to sample the area behind the PCS.
Insofar as.possible, all nets wili be fished simultaneously.
Arraﬁgement of the sampling units,
Until there ig evidence indicating‘that some other sawmpling
design is more efficlent, the following scheme is proposed.
1l. Above the PCS,

a. Tour nets will be fished in fixed positions through-
out all saﬁpling periods. These four nets will
furnish a "standard” set of data for comparisons
between sampling periods. The positioning of these

four nets will be based on the best available infor-

motion as to where they might furnish the bvest
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estimate of the number of figh in the crose-sectional
area above the FCB in any glven sampling pericd.

b. Flve additional nets will be fisghed in various pétterns
to determine the type of cross-sectional distribution
to fish. This information will be used to determine
the more efficient sampling design for cbtaining data
to be uped to estimate the Efficiencylof the PC3.

e, Bome dlegrams of varioué arrangementsl of nets above
the PCS ere shown in Figure 1. The spaces markea"{x'*
denote fixed nets;“the spaces marked "O" denote movable

W "
nets. '
2. Belo-w the PC8.

8. Four nets will be fished in‘fixed positiong throughout
all sampling periods to obtain s "standard” set of
data to be used for comparisons between sampling .
periods. There will be one fixed net behind each
-louver section of the PC3. The positioning of these
four nets will be based on the best available informe-
.tion 8s to where they might provide the best estimate

of the numbers of fish passing through the PCS in sany

given sampling period.



Five edditicnal nete will be fished in various
patterns to determine the distribution of fish

behind each louver section in the PCS. Such infor-

- mation will be used to determiné-the most efficient

sampling design for obteining data to be used in

estimating the efficiency of the PCS.

Some diggrams of various arrangements of nets vehind

the PCS are shown in Plgure 2. The spaces marked
X" denote fixed nets; the spaces marked "O" denote

moveble nets.
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Table |

TIDAL STAGE AND
CHANNEL VELOCITY (f.ps.)
SPECIES PERIOD TIME
INCOMING QUTGOING
Day 14119 |25|30|08 |14 |19 25
April |-May 5
nghf 1" " 1 1 " " u "
Salmon
qu n " 1 n n 1 1 1"
May 6-June 10
. N|gh1- i " It H n n n 1
qu i N " " 1" N 1" 1
April 1-30
Lurge Nigh'r 1 n 1 1] " 1t 1l I
Striped
Baoss Dgy I " 1 " n 1 " n
May 1-30
nghf " n " n 1" 1 " I
Day h n 1 1 1 1 ¥ n
June |-20
Small Night n n T " " u 1 t
Striped _
Bass Day 1" n " 1" " n 1 "
June 2l-Aug.15
N[ghf " n " 1 H 1l " "
Lt:lrge Dgy 1 1 " " n " " "
Siriped Aug.15-Sept. 15
Bass Night " n " n u " " "

CLASSIFICATION SCHEME FOR

DETERMINING WHAT

FACTORS AND THEIR LEVELS ARE UNDER STUDY

JULY 1960

214-20B-3369



‘III, Sampling procedures for obtaining data needed to estimate
effieciency: Formulas B and C.

Samples will te taken above and belcw the PCS as described
for Formule A, In addition, samples will be taken within the
bypasses cf the PCS to estimate the number of fish gulded into
the bypasses during e sampling pericd. It is tentatively
vlenned that one net {specificetions to be spelled‘out leter)
will be fished in each bypasgs during the middle 15 minutes of
each 27-minute sampling pericd.

IV, Experimental design: principles and epplication.
A. Background.

1l. TIn section I-F it was pointed out that if efficiencj )
changes with envirommentel conditions, it is un~
realietic to attempt estimates without specifying
these conditions.

2. Three requirements must be met for estimates to be
realistie.

&. Esgtimates of the reprcducibility of the estimates
of efficiency must be obtelined at the same time
ag the estimetes themselves.

b. FEvaluation must be done under a wide range of
cenditions.

c. The experimental designg must be practicable.

3. Certein experimental "treatments”, such ag levels
of ebundance, etc., are largely beyond control.
However, some test conditions or "tréatments" are

controllable (and also compatible with certain

2



pumping requirements), includiﬁg Tlowe and velocities

and ratios of PCS bypase velocities to main channel

velocities. I% ie with regard to these conditions
that experimental designs will be considered.
B. General planning,

1. The Biometrice Unit will determine in advance of
each "experiment” the relstionship between flex-
ibility in Tracy pump cperation and environmental
factors to be encountered.

8. This will dictste requirements for short-term
degigns which will be sget up. |

b. The procesgses of plenning end conducting the
work will Te closely integrated.

2. Table 1 is helpful in examining in advance Jjust
what type of "treatments" are under study.

a. Dates for each species and sizé divide the
1957 catches into two approximately equal
portions. |

b,‘ Xnowing the number of Tracy Units operable . in
a given period, channel velocities possible
for each tidal stage will be known.

C. Knowinglwhat the sampling operztion involves,
it should then e possible to estimate reason-
gbly well the nurber of separate efficiency
estimates obtainable in each sub-class (sub-
classes are denoted by & dash). Other species,

e.g., catfish, could be added to the table.

10



d. Individual comparisong of interest can be made.
For example, does efficiency differ for chincok
salmon at & channel velocity of 1.4 ft./sec.
between‘incoming and outgoing tides for the same
period?

3. Auxiliary information, Including observations on the
amount of trash, sbundance of fish, turbidity, etec.,
will be used to determine whether differences such as
might be observed in {d) above are cconfounded with
feetors which do not readily lend themselves to
experimental control.

Another type of auxilisry informetion involves
sempling of catches sbove and below the PCS and i.n the
bypasges to obtain length frequencies. Comparisons of
lengths would provide informaticn on the relative
efficienc& cf the PCS feor fish of different sizes
within a given sampling pericd.

C. Specific designs.

1. No specific designs have yet been set up.

8. The number of Tracy pumps operable under different
conditions must bhe known.

b. Purther details of the mechanics cf sampling must
be known.

2, They will be set up during the 1958 season on a.short-

term bhasie.
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